


which 
beetles 
restern 
beetle 
3 Very 
estern 
Black 
ranges. 
untain 
lorum 
lo not 
riter’s 
ristics 
raig- 
> two 
lt to 


inci- 


then 

re- 
20n- 
two 
ark 


ach 
me 


of 


bs | 
io” M AY 4 \9YZ0 


SCIENCE 














SERIES ANNUAL SUBSCRIPTION, $6.00 
ie. LXI, No. 1583 Fripay, May 1, 1925 SINGLE CopiEs, 15 Crs. 























Books 


Dercum’s Physiology of Mind EDITION 


This is a new edition of a work, the first edition of which met with pronounced success. It is 
an “interpretation based on biological, morphological, physical and chemical considerations.” 
Facts are given rather than speculation. The discussion begins with a consideration of the most 
elementary responses of protoplasm to impacts. Continuing, the slightly more complex struc- 
tures for the reception and transmission of impacts in the metazoa are given. Then, in order, 
are considered consciousness, the function of the thalamus, the synthesis of special sense im- 
pressions; the evolution and nature of speech, the function of the striatum and general cortical 
synthesis. 

By Francis X. Dercum, A.M., M.D., Ph.D., Professor of Nervous and Mental Diseases, Jefferson Medical Col- 
lege, Philadelphia. 12mo of 287 pages. Cloth, $3.50 net. 


Vaquez on the Heart 


This American edition is two years newer than the latest French edition because Dr. Vaquez 
revised and in a great measure rewrote the manuscript in order to make the American edition 
present today’s knowledge of cardiology. With this book many of the difficulties connected 
with the examination, diagnosis and treatment of diseases of the heart disappear. There is noth- 
ing indefinite. The method of procedure and examination is very clearly given; the interpreta- 
tion of the findings so as to formulate the diagnosis admits of no equivocation; and the course 
of treatment to follow is laid down precisely. 


Octavo of 743 pages, illustrated. By Dr. Henri Vaquez, Professor of the Faculty of Medicine of Paris. 
Translated and edited by George F. Laidlaw, M.D., Associate Physician to the Fifth Avenue Hospital, New 
York City. Introduction by William 8. Thayer, M.D., Professor Emeritus of Medicine, Johns Hopkins Uni- 
versity. Cloth, $8.50 net. 


Draper’s Human Constitution 


Dr. Draper’s method of evaluating differences in human constitution is rational. It is not a new 
method of diagnosis, but rather the development of its applicaticn. Pediatrists use mensuration 
to determine deviation from the normal. Psychiatrists have directed attention to certain physi- 
cal characteristics. Cretinism, Mongolian idiocy, etc., have certain distinctive anatomic charac- 
teristics. Why should not other diseases have definite physical stigmata? Dr. Draper has found 
that they have. This book is observation scientifically controlled, and interpreted in clinical 


terms. 


Octavo of 345 pages, illustrated. By George Draper, M.D., Associate in Medicine at Columbia University, 
New York. Cloth, $7.50 net. 


Bowers Psychiatry 


There are chapters on the classification, causes, symptoms, traumatic and senile psychoses; psy- 
choses with cerebral arteriosclerosis, general paresis; psychoses with cerebral syphilis, with brain 
and nervous diseases; psychoses due to alcohol, drugs and other exogenous toxins; psychoses 
with somatic disease; manic-depressive psychoses; involutional melancholia, dementia praecox, 
paranoia; epileptic psychoses; the psychoneuroses and neuroses, psychoses with constitutional 
inferiority, and with mental deficiency; Binet-Simon scale for intelligence test, treatment and 
relationship of insanity to crime. 

Octavo of 365 pages. By Paul E. Bowers, M.S., M.D., Lecturer in Neuropsychiatry, Post-Graduate Medical 
School of the University of California. Cloth, $3.50 net. 
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ANNOUNCEMENT 








It is proposed to issue Volume VIII of The Journal of General Physiology 
as a memorial to its founder, Dr. Jacques Loeb. This volume will contain 
papers by Dr. Loeb’s pupils and his associates, together with a portrait and a 
sketch of his life. The volume will appear simultaneously with Volumes VII 
and IX, and publication will commence about July 1, 1925. Subscriptions 
should preferably be received before this date. 


Subscribers to the Journal, and others, may obtain the extra volume by 
sending their subscriptions (price $5.00) to 


THE JOURNAL OF GENERAL PHYSIOLOGY 


AVENUE A AND 66TH STRBET, NEW YORK, N. Y. 


























A Professor in a Large 
College Says of 


Martin’s “ Botany ” 


“We have used this book since 
it first appeared and have been 
greatly pleased with it. I think 
its chief value lies in the fact 
that while the author has em- 
phasized the practical applica- 
tions of botanical data he has 
not, at the same time, devital- 
ized the purely botanical as- 
pects; the book is still Botany, 
and not Agriculture or some- 
thing else. There is no doubt 
that the revised edition is an ex- 
tremely useful book in connec- 
tion with elementary college 
courses.” ’ 











BOTANY 


WITH AGRICULTURAL APPLICATIONS 
SECOND EDITION 


BY JOHN N. MARTIN 


Professor of Plant Morphology and Cytology at Iowa 


State College of Agriculture 

This book has been used in nearly seventy colleges that 
want an elementary textbook which gives the fundamentals 
of the subject and emphasizes their practical applications. 

The book is divided into two parts. Part I is devoted to 
the study of the structures and functions of flowering plants 
related to farm crops, forestry, and horticulture. Part II 
takes up the study of the kinds of plants, with reference to 
their evolutionary relationships, and their economic impor- 
tance; and presents evolution, heredity, and plant breeding 
as related to the improvement of plants. 

In the Second Edition several portions of the text have 
been rewritten in order to make the text clearer. Many of 
the illustrations have been changed. The most extensive 
changes have been made in the treatment of heredity and evo- 
lution, a chapter on variation having been added. 


604 pages. 514 by 844. 490 figures. $3.50 


JOHN WILEY & SONS, Inc. 
440 FOURTH AVENUE NEW YORK, N. Y. 
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THE GROWING OPPORTUNITIES FOR 
MEDICAL RESEARCH? 


Ir is related of the rugged English surgeon, John 
Abernethy, that on entering the lecture hall at the 
beginning of a new medical session he once exclaimed 
“Good God! What will become of you all?” An 
attractive and persuasive lecturer, Abernethy gained 
no distinction in original research; indeed, his dog- 
matic attitude is said to have been repressive rather 
than stimulative of original inquiries. An attempt to 
answer the question Abernethy asked was, later on, 
made by another British surgeon of entirely different 
stamp, namely, Sir James Paget, an eloquent lecturer 
who besides was a truly great investigator of pathe- 
logical and surgical problems, one who cherished the 
ideal of uniting scientific studies with practical activi- 
ties throughout his professional life. He made some 
statistical studies to determine what actually did be- 
come of the students whom he taught in the medical 
school, and his conclusion was that, as a general rule 
(with but few exceptions), “such as the student had 
been, such was the practitioner.” The validity of 
this rule was certainly demonstrated in the case of 
Paget himself, for, in his first winter session in the 
medical school, while working in the dissecting room, 
he found by means of a pocket lens that certain 
specks in the voluntary muscles were parasitic worms 
and not, as earlier observers had thought, spieules of 
bone; as a result of his observations a piece of the 
muscles containing the specks was sent to R. Owen, 
who confirmed the discovery and gave to the worm 
its scientific name, Trichina spiralis. Young Paget, 
who showed his ability to discover new things in his 
first year in the medical school, later on became, as 
you know, so great a pathologist that he rose to a 
place in England comparable with that occupied by 
Rudolph Virchow in Germany and so great a surgeon 
that he is always numbered among surgeons of the 
first rank. His name, you will recall, is attached 
permanently to a well-known disease of the breast 
and to an equally well-known disease of the bones. 

This morning it was my good fortune to be present 
during a part of the session when students of this 
school, members of your Undergraduate Medical As- 
sociation, were reporting some of the original obser- 
vations and experiments that they had carried on 


1An address delivered to the Undergraduate Medical! 
Association of the University of Pennsylvania, Friday, 
April 3, 1925. 
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during the past year. The reports of such researches 
augur well, I believe, for the future of those who 
conducted them. For, notwithstanding the contrary 
opinion held by some medical educators, I am con- 
vinced that those who learn how to observe and to 
think for themselves during their undergraduate 
careers are more likely to be successful, in later life, 
in teaching, in practice and in research, than are 
those who are content merely to acquaint themselves 
with the observations and reflections of other men. 
During the period when I was in charge of the teach- 
ing in the medical clinic of the Johns Hopkins Med- 
ical School I asked each fourth year student to under- 
take some small piece of original work. In watching 
the subsequent careers of those students I have been 
deeply gratified to find how many of those who had 
shown the greatest industry and enthusiasm in that 
work have already become distinguished as practi- 
tioners, teachers or investigators. Nothing else has 
seemed to me to equal in importance, during a stu- 
dent’s undergraduate period, the cultivation of the 
spirit and the methods of scientific inquiry. The 
mere learning of facts that have been accumulated by 
others is of far less significance than training in the 
_ method of science, recognizing the importance of the 
continual expansion of knowledge, learning how to 
participate in such expansion and acquiring a love 
for and the determination to pursue original studies. 
In this respect, my own observations as a teacher 
have been entirely in accord with those of Sir James 
. Paget. 

The scientific method of solying problems is now 
commonly resorted to by all productive workers, no 
matter what their special fields of work. The prin- 
ciples involved are relatively simple and have been 
clearly defined by Professor John Dewey in a little 
volume entitled “How We Think”; I have, myself, at- 
tempted to illustrate their value for the solution of 
problems of diagnosis in an article written for Ozford 
Medicine (Vol. I) under the title The Rationale of 
Clinical Diagnosis. When one is confronted by a 
difficulty, that is to say, when one has a problem to 
solve, the quickest and best way of overcoming the 
difficulty, of solving the problem, is to make a system- 
atic attack upon it. Such a systematic attack in- 
eludes: (1) the acquisition of data that will help to 
locate and to define the problem, (2) the arrangement 
of the data in various ways and brooding over them 
as thus arranged in order that suggestions of solution 
of the problem may occur to the mind, (3) the rea- 
soning out in detail of the implications of each sug- 
gestion of solution that arises in consciousness, and 
(4) the thorough testing of such suggestions thus 
minutely worked out as to their implications by com- 
parison with the actual data that have been accumu- 
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lated, resorting to further observation and experime, 
to extend these data when necessary in order to dete 
mine the validity or the non-validity of the hypo. 
thetical suggestion of solution. 

All these stages of the program must be Passel 
through; they are essential serial steps in orderly 
problem solving. And if the investigator will keen 
them definitely in mind in planning his work and 
during his prosecution of the work not only wilj ;, 
save himself much time and trouble but he will algy 
greatly increase the likelihood of his arriving at soy, 
conclusions. No matter what the original task thy 
one sets for himself, be it say the discovery of th, 
mode of regeneration of peripheral nerves, or { 
devising of methods for the prevention of the jj, 
effects of an infection or an intoxication, or the ascer. 
tainment of the significance of the content of th 
blood in a given variety of ions, or the experiment,| 
production in an animal of a disease in which one jj 
interested, the only satisfactory method of aceon. 
plishment lies in the process of accurate observation, 
of well-conceived experimentation for the refinement 


of observation, and of intensive and patient refle. | 


tion, which I have just now referred to as the essen. 
tial features of the method of science. 

If you would enjoy reading a fuller account of 
these processes written by a master of the exper. 
mental method as applied in physiology and pathd. 
ogy, let me recommend to you most heartily the 
perusal of Claude Bernard’s “Introduction A |’étude 
de la médecine expérimentale,” which is fully as in. 
teresting to-day as it was when it was first published 
in 1865. Hitherto this valuable treatise has been 
available only in the French language, but I am glad 
to learn through Mr. Abraham Flexner that an Eng- 
lish translation is shortly to be issued by the Mar- 
millan Company. Do not overlook it! 

The problems that present themselves for solution 
to those of us who work in medicine are infinite in 
number and in variety, but, in the last analysis, they 
all have a bearing upon (1) the nature and preser- 
vation of health and (2) the cure, the amelioration 
or the prevention of disease, in living organisms. 4 
healthy organism is one that makes adequate responses 
to the environmental influences that impinge upon 
it; a diseased or an anomalous organism is one that 
exhibits inadequate responsivity to environmental in- 
fluences. Obviously, therefore, our medical tasks in- 
elude studies of the substances and forces within the 
organisms that react, studies of the various influences 
in their environment that stimulate to reaction, and 
studies of the reactions themselves as they occur.” 

What a developed living organism (or phenotype) 
is at any given time that it is studied would seem to 
depend (1) upon the substances and energies that 
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lay within it at the moment of its start and (2) all 
the changes that have occurred within it as a result 
of influences in the surroundings in which it has been 
‘mmersed from the time of its start up to the moment 
of study. For human beings, this would appear to 
be true of the foetus, of the child, of the adolescent, 
of the mature individual and of the senescent. If we 
desire clearly to understand how men, women or 
children will respond to physical changes, to chemical 
changes, to psychological changes and to sociological 
changes in their environment, we can scarcely hope 
to do so without knowing much about how they have 
begun, much about how they have developed, and 
much about the influences to which they have been 
exposed and how they have reacted to those influ- 
ences. 

Without much knowledge of the inherited (geno- 
typic) and environmental (paratypic) elements of a 
given constitution we are likely to be unable satis- 
factorily to understand the disposition or the non- 
disposition of the person possessing that constitution 
to the development of various disease processes, or to 
the exhibition of inadequate somatic or psychic re- 
sponsivity to external stimulation. That is why in 
medicine investigators are no longer content to study 
the anatomy, the physiology and the pathology of 
developed organisms only, extremely important as 
such studies are, but feel that they must inquire also 
into the problems of inheritance on the one hand and 
of growth and development on the other. For in 
order to understand how l'ving organisms have come 
to be what they are and why there are such variations 
in different organisms in their modes of response to 
apparently identical environmental stimuli genetic 
and comparative studies are indispensable. It is no 
accident that one person develops influenza and an- 
other does not, that of two persons suffering from 
typhoid fever one dies and another recovers, that one 
woman weighs two hundred and fifty pounds and her 
neighbor of the same age only eighty, that of two 
boys exposed to the same temptation one yields while 
the other resists, that of two members of a class one 
is a gold medallist and the other is “plucked,” or 
that of three young women surrounded by similar 
emotional stimuli one shows elation, one depression 
and the third apathy. Medical men, however, are 
far, as you know, from being able, in every case, as 
yet to explain these diversities of response. I be- 
lieve, however, that such divergent modes of reaction 
will prove to be susceptible of explanation and that 
a3 medieal science progresses we shall gradually ac- 
quire the knowledge that will enable us to predict 
when, where and how disease will develop, and why 
some people think, feel and behave adequately and 
others inadequately. Gradually, too, with the in- 
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crease in our powers of prediction we shall also see 
an augmentation of our power to control. During 
the past century the ability of medical men to pre- 
dict and to control in the domain in which they work, 
has, it is true, grown enormously, but all will admit 
that this growth, gratifying as it is, must be regarded 
as infinitesimal compared with that to which our pro- 
fession aspires. 

The idea is at present very widespread that scien- 
tific work in medicine is and can be done only in lab- 
oratories and, particularly, in the laboratories devoted 
to the study of the preclinical sciences. That is, of 
course, a very grave error. Though the establishment 
of such scientific laboratories has tremendously ex- 
tended and favored opportunities for original research 
bearing upon medical problems, nevertheless the work 
in our better medical and surgical clinics, not only 
in the laboratories attached to them but also at the 
bedside should be, can be, and, indeed, I believe is, 
just as truly scientific as that which is carried on in 
the laboratories of the preclinical branches. 

The problems of the clinics and those of private 
practice differ from those of the preclinical institutes 
only in their greater diversity and complexity, and 
knowledge is now being advanced in the clinics and 
in the clinical subjects by means of precisely the same 
scientific methods of inquiry as are used in the more 
elementary branches of science. When there are 
problems to be solved the same principles of study 
apply anywhere and everywhere. Even in the busy 
life of a medical practitioner the condition of each 
patient met with ought to be looked upon as a special 
problem for solution and the work of solution of that 
problem will be the more effective the closer the 
principles of the method of science are adhered to. 
But, aside from this daily application of the scien- 
tific method it shouid not be forgotten that a number 
of most important discoveries in medicine have been 
made by general practitioners, busy men with fine 
brains, who, despite the pressure upon them of multi- 
tudinous activities, still found the time to engage 
intensively in the prosecution of original inquiries. 
As Sir James Paget once said, “none find so much 


_time to spare as they that have too much to do and 


do it with all their might.” Jenner’s discovery of 
vaccination, Koch’s early studies upon wound in- 
fection, Lister’s work on antiseptiecs, Mackenzie’s ob- 
servations of cardiac irregularities and Banting’s work 
on insulin, are shining examples of profitable research 
conducted by men in practice. And though our great 


institutes for experimenta! research and our labora- 
tories and organized clinics in the medical schools 
offer extraordinary facilities for the conduct of origi- 
nal investigations, the time will never come when 
practitioners of medicine and surgery can afford to 
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neglect the opportunities that practice yields for ac- 
curate, original investigation or for the deliberate, 
logical reflection that helps to expand the confines of 
knowledge. Moreover, minute accretions to the store 
of knowledge are not to be despised; indeed, were it 
not for the continuous collection of such small in- 
erements fewer of the so-called great discoveries 
would be made, since for the most part great discov- 
eries are nothing but the summits of structures com- 
posed of a mass of minor investigative results. 

Men who continuously insist upon the cross-ex- 
amination of the evidences of their senses, men who, 
when they observe an object or an event, try to con- 
sider also all the conditions in which that object or 
event is situated, men who examine into the varia- 
tions, the concurrences, the sequences and the mutual 
relations of phenomena, men who are cautious not to 
insert their own beliefs and expectations and wishes 
into their observations, men who are so distrustful 
of their memories that they record accurately what 
they observe at the time and place of observation, 
men who are not satisfied merely with thinking of 
explanations but insist upon testing them in order 
to see whether or not they are true, are the men who 
discover new things, who detect errors in conceptions 
that are supposed to be well founded, and who, in 
general, do most to contribute to the advance of our 
knowledge of health and disease. 

The growth of knowledge has often been compared 
to that of an avalanche; its magnitude and its velocity 
must steadily increase. Every single advance pre- 
pares the way for a whole series of other advances. 
Every new method devised makes it easier to invent 
still other modes of extending observation. The phy- 
sician who died in 1900, could he come to life again, 
would be astonished and perhaps confused by the 
medicine of 1925; if any one of us were to stop his 
medical work to-day and were to try to resume it ten 
years from now he would doubtless find himself 
almost as disoriented in special medical fields as is 
a patient in his general surroundings when he suf- 
fers from Korsakoff’s psychosis! 

You who are members of this Undergraduate 
Medical Association enter upon your medical activi- 
ties at the most favorable period the world has ever 
known for the enlargement of medical knowledge and 
for the advancement of human welfare. Just what 
part each of you who will graduate here (from an 
institution made famous by Cope, Leidy and a long 
series of original investigators) will play in this en- 
largement and this advancement remains to be seen. 
There will be many difficulties in the way; for an 
exaggerated account of them consult the recent clever 
novel “Arrowsmith” by Sinclair Lewis. But difficulties 
are only additional spurs to determined men. Some 
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of you will have better brains than others byt each 
of us has to do the best he can with the brain thy 
he possesses. Some of you will be able to commanj 
more leisure for scientific studies than will others, by, 
again every one can secure some leisure for Scientifi 
work if he will make his life orderly. Some of yoy 
may be privileged to work in institutes devoted ¢. 
tirely to original research; some of you will find j 
advantageous to combine research with teaching, th, 
majority, perhaps, will engage in medical practin 
of one sort or another and will there find the specig 
opportunities for certain kinds of scientifie work thy 
can not be found apart from such practice. No mgt. 
ter where your lot may be cast the main thing is thy 
you utilize every opportunity that comes to you ty 
observe accurately, to record carefully, to imagine 
vividly, to reason logically, to experiment cautiously 
and to test rigidly the validity of the explanatory 
ideas that occur to you. For these are not only 
pleasures that you may enjoy; they are also obliga. 
tions and responsibilities that fall upon you as medi. 
cal men. May I extend to each and every one of 
you my very best wishes for happiness, success and 
duty fulfilment in your work during the coming years, 
LEewetuys F. Barker 
THE JoHNS Hopkins UNIVERSITY 





THE TREND OF THOUGHT IN 
PHYSICS. II 


Stationary States aND THE Laws Descripine 
E.LEectronic Morion 


Apart from the nature of emission of quanta dur- 
ing the transitions between the stationary states, 
there yet remains the problem of accounting for the 
stationary states themselves. Now the mind is con- 
tent that the electron should not be allowed to move 
in any manner it pleases. It is content to have an 
equation of motion of the Newtonian form, for ex- 
ample, a simplification of the force equation of elec- 
trodynamics, for this case; but, having become ac- 
customed to this, it resents any further conditions of 
constraint upon the motion, such as are involved in 
the Wilson-Sommerfeld conditions that the quan- 
tities f pdq shall be integral multiples of h, where 
the p’s and q’s are suitably chosen momenta and 
coordinates. 

Now the question arises as to what attitude of 
mind it is necessary for us to get into in order that 
the existence of stationary states shall seem reason- 
able to us in terms of the criteria for reasonableness 
to which we adapt ourselves. This may well be con- 
sidered as part of the whole question of the deserip- 
tion of motion. 

Suppose we return for a moment to the circuital 
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lations of electrodynamics with the @ and eu terms 

absent, #.¢., Suppose we return to the equations for 

free space. The electron, in this scheme of relations, 

;; the place where E, and H cease to be analytic func- 

tions of 2, y, 2 and t—erudely speaking—the places 

yhere E and H become infinite. 

Now it is easy to see that if the values of E and H 

be assigned at all parts of space at any one instant, 
the equations determine their values everywhere for 
all time, and with these values the motions of the 
singularities themselves. No law other than the cir- 
cuital relations is necessary to determine the com- 
plete subsequent history of the system, once the 
initial conditions have been stated. This point was 
emphasized by Sir Joseph Larmor many years ago. 
However, corresponding to any motion we like to 
assign to a singularity, we can always determine fields 
E and H to correspond. But the equations are 
linear so that the addition of two such solutions 
results in a field which is itself a solution. In other 
words, as far as these equations are concerned, there 
is no mutual influence between the electrons. An 
initial assignment of the fields will control the mo- 
tions of the singularities for all time, and so their 
nutual relations; but there is nothing in the equa- 
tions themselves to prohibit any motion whatever. 
In fact, the scheme is too wide for our universe. The 
real function of such an equation as the force equa- 
tion of electrodynamics is to restrict matters so that, 
of all the fields which might be possible with a suffi- 
ciently arbitrary choice of initial conditions, only 
those to be found in our universe are the subjects of 
discussion. In this sense, the force equation and 
even the law of gravitation constitute what, many 
years ago?® I termed subsidiary laws, i.e., laws which 
would be unnecessary, and indeed superfluous if we 
knew the initial conditions, but which serve to fill 
the gap caused by our ignorance of those conditions, 
by restricting the cases we are to regard as possible 
to those which could have evolved out of the actual 
initial econditicns inherent in our universe. 

Now it is possible to utilize this principle of adding 
additional conditions to still further restrict the 
atomic orbits beyond the restrictions implied in the 
laws of classical dynamics. To be explicit, suppose 
that, confining ourselves for the time being to cir- 
cular orbits, we write down the ordinary equations 
of classical dynamics, and work out the radius, a, of 
the orbit in terms of the angular momentum p, for an 
electron of mass m revolving about a nucleus of 





charge EZ. It is easy to show that 
p? 
meE i) 


10 Phil, Mag., 8-6, Vol. 23, pp. 86-94, 1912. 
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Now suppose that I should write down some differen- 
tial equation other than that of classical dynamics, 
and solve for the relation between the radius of the 
orbit and the quantity » which appeared as the angu- 
lar momentum in the classical theory. I should obtain 


a=f (p) (14) 


where f (p) is different from the right-hand side of 
(13), so that, in general, equations (13) and (14) 
would not be consistent. There might be certain 
values of p for which they were consistent, however, 
and if we take the classical law plus this new law 
as the expression of the laws of motion, they will 
together restrict the motion to these orbits. Thus 
suppose we consider the equation 


(= B)le-B) (3) 


expand the left-hand side and, having picked out the 
term in the first power of p, equate p to the remainder 
of the expression, or rather its negative, say @ (p), 
to which this equation makes p equal. 
Suppose now we take as our dynamical laws the 
classical dynamical laws, whose solution is expressed in 
p? 
meE 


(15) 





a= 


and the additional equation 
a= Le fe) }? 
meE 
These equations will only be consistent for the values 
of p given by 


(16) 


_ h &h Al 
brat 
which make p equal to @ (p). 

Thus if classical dynamics and equation (16) 
(which is itself a differential equation) be taken to- 
gether as constituting the laws of dynamics, they 
will, for circular orbits, restrict the motion to the 
various orbits corresponding to the angular momenta 


h 2h nh 
an? 
h 
where A is a constant, we obtain an expression which 





By taking  (p)=p+A sin 


h 
gives » (p)=p for p = where n has all values up 


to infinity. Of course, in a sense, the equations 
f pdq=nh provided by the Wilson-Sommerfeld 
theory constitute supplementary conditions analogous 
to equation (16), but the advantage of the latter is 
that it is in the form of a differential equation. It 
will of course be understood that the foregoing is 
only intended as a brief sketch illustrating the gen- 
eral idea of the process. It is a process in which 
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the mind has to aceustom itself to accept as funda- 
mental a more restricting relation between the func- 
tion of the position of the electron and the various 
time derivatives of its motion than ean be expressed 
in a single vectorial differential equation. It must 
remain incomplete as does the restriction involving 
f pdq until formulated in such a way as to permit 
of the departure from one stationary state and the 
entry into another as determined by those phenomena, 
emission of unifrequentic radiation, emission of 
quanta, ete., which we associate with the transition. 


THE DeEscRIPTION OF MOTION IN THE CASE OF 
Non-LinearR Equations 


An interesting situation would have arisen had the 
eircuital relations of electromagnetic theory been non- 
linear. It would then have been impossible to have 
added two solutions and obtained as a result a field 
which was itself a solution. The story of two moving 
singularities would have to be sought as a solution 
of the field equations of such a nature that it con- 
tained two singularities, and even the most general 
solution would not permit of any motions we chose 
to assign. The field equations themselves would have 
a power to restrict the motion of one singularity in 
relation to another, a power which is denied to the 
electromagnetic field equations on account of their 
linearity, a linearity which thus gives mathematical 
simplicity at the expense of content, and necessitates 
the addition of a force equation to make up for the 
deficiency. 

In a sense, the determination of the interactions 
between electrons by regarding them as singularities 
in the solution of non-linear equations is philosophi- 
cally very satisfying. The process consists in setting 
up differential equations in which the quantities 
talked about are singularities of the solutions, and 
then seeking a one-one correspondence between these 
singularities and the observable entities of nature. 
The whole story is told in one set of equations. The 
reason for the existence of stationary states of quan- 
tum theory would then find itself in the fact that 
there would be no solutions of the equations corre- 
sponding to motions of the singularities other than 
the motions desired. The transition to classical theory 
would find its way by virtue of the ordinary force 
equation of electrodynamics being a close approxima- 
tion to the law of the singularities for the cases where 
it was applicable. Tempting as the possibilities seem 
from the philosophical standpoint, it would appear 
that the mathematical difficulties incidental to hand- 
ling the situation would be very great. However, 
these difficulties are apt to demand our attention 
whether we like it or not. Our natural inclination 


is to describe the relative motions of particles by 
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force equations, or at any rate by attempting {, 
write a differential equation which describes the my. 
tion of one particle considered as a thing by itsgj 
in the field of the others. If, however, the natu, 
of the complete theory is such that the particles for, 
singularities in a set of non-linear equations, it i 
necessary to ascertain whether any additional |,y 
which may be imposed is consistent with the restric. 
tions on the motion imposed by this condition. 

I place some emphasis on this matter because jt 
appears to be very pertinent in connection with the 
description of motion as given by Einstein’s Genera) 
Theory of Relativity. Much as I should like to speak 
at some length of this great revolution of our method 
of looking upon nature which has engaged so much 
of our attention during recent years, it is of course 
impossible adequately to deal with it in the few min. 
utes I can devote to it. If, however, you will pardon 
the use of statements in a somewhat elastic form, | 
should like to sketch a few of the elements involved 
particularly in relation to the point I am discussing 
at present, the modes which we adopt for the deserip- 
tion of motion. 


GENERAL RELATIVITY AND THE DESCRIPTION OF Mo- 
TION; THE GENERAL INVARIANCE OF Laws 


The mind has decided that it likes the idea of a 
body moving in a straight line with constant velocity, 
and it would like to see everything going in that way. 
The sense in which we use the term straight line is 
that of a linear relation between the coordinates of 
space and time. 

We can avoid the twofold ideas—straight line, con- 
stant velocity, by saying that we should like the body 
to move so that f ds is a minimum, i.e., 5 f ds =0 


where?! 


11I have avoided the introduction of the velocity of 
light, c, in the line element at this stage owing to 4 
preference for having it make its first appearance as 4 
constant in the expression for the line element which has 
to be chosen in order to obtain a law of motion ap- 
proximating to the Newtonian law and with g’s satis- 
fying Guy=0. In this capacity c serves to determine a 
limiting velocity for planetary motion, and the choice 
of ¢ necessary to explain the anomalies in the perihelion 
motion of Mercury is consistent with its being equal to 
the velocity of light. The nature of the occurrence of 
e in the line element is such that far removed from 
matter we have ds? = dx2 + dy2 +dz2 — c2dt2. It is now 
a matter of mere algebra to show that this expression is 
invariant under the Lorentzian transformation, although 
it must be remarked that this does not imply the re- 
stricted theory of relativity in its entirety as a necessary 
consequence, for there is nothing to show that observers 
moving relatively to each other with constant rectilinear 
velocity will automatically adopt the relation of measures 
given by the Lorentzian transformation. 





{AY 1 


vow i 
jon 0! 


r= f,( 








whe 
eque 
tion: 
: tion 
by s 
The 
of a 
fore 


fon 
ord 
law 
of | 
of 


wh 








No. 1583 


ting t, 
the mo. 


y its 


8 form 
y it ig 
a] law 
"estric. 


use jt 
th the 
eneral 
Speak 
ethod 
much 
OUurse 


ardon 
rm, I 
olved 
ssing 
crip- 


of a 
city, 
way. 
e@ is 
3 of 


20Nn- 





ds? = da? + dy? + dz? + dt? (17) 
‘ow if we imagine any arbitrary point transforma- 
‘on of coordinates, 


sf, (5 ,Y ats ) y= Se (21,9, .2¢, ), 
2=f5(2 ptt), t=f(2,Yp*t,) 


the most general value assumed by ds ‘a 
ds* = g,, 44,7 +9,,da,dy,+ ... 


where the g’s are functions of the new coordinates. 

A path which was a straight line in the old set of 
coordinates will not be a straight line in the new set, 
githough both paths would be recognized in their 
respective coordinates as the paths which made f gp 
4 minimum. The question then arises as to whether 
any arbitrary motion which might be assigned could 
he described as a straight line with constant velocity 
in some other system of coordinates. The answer to 
the question is No. In spite of the infinite number 
of different kinds of motion describable in this way, 
all ean not be so deseribed. There is something 
peculiar about all the g’s which have come from the 
gs 1,1, 1,1, of (17) by transformation. That some- 
thing can be expressed in necessary and sufficient 
form as a set of differential equations for the g’s 
with the coordinates as variables. This set of differ- 
ential equations has in it nothing to indicate what 
particular set of coordinates is used. If the answer 
to our question of whether all paths could be reduced 
to rectilinear constant velocity paths by suitable 
transformation had been Yes, the whole law of 
motion under any cireumstances whatever could have 
been expressed in astonishingly elegant form in the 
statement that * 

A particle moves so that, with zero variations at 
the limits, 


. 1 
8 f (94, da,? + 9,,da,dy, .-.- )2=0 
where the g’s are solutions of the set of differential 
equations to which I have referred, particular solu- 
tions depending on the coordinates used, each solu- 


tion being determined in its own set of coordinates 


by specification of the appropriate initial conditions. 
The general law would not involve the specification 
of any particular set of coordinates, and would there- 
fore be of a form to satisfy the wish, which many 
people feel, to be able to express nature’s laws in a 
form invariant under any transformation of co- 
ordinates. If, as I have said to be the case, such a 
law is not wide enough to cover the circumstances 
of nature, what then? Well, it may be that the laws 
of nature are expressed under 


1% 
8 f (94, da? +91. da,dy,+ ... )? =0 
where the g’s are solutions of some set of differential 
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equations other than those which I referred to, a set 
of differential equations which is satisfied when the 
other set is satisfied, since the cases comprised under 
that heading must constitute a special case. The law 
in this widened form will still be the same in all 
systems of coordinates. Now what Einstein did was 
to suggest an appropriate differential equation for 
the g’s such that the law 


1 
5 f (94, dr,” + 9, da ,dy, v0 0 )e m0 

with the g’s solutions of that set of equations, com- 
prised the motions of astronomy, the understanding 
being that matter was to be regarded as existing at 
the places where the equations for the g’s possessed 
singularities. All garnishing of this question by dis- 
cussions of non-euclidean geometry of space is un- 
necessary for the statement of the law, and consti- 
tutes an elaboration clarifying to some minds and con- 
fusing to others, because the said others have formed 
about ordinary geometry intuitions which are stronger 
than they had any right to form. For here, as in 
many cases, the secret of understanding a subject 
which is abstract is a more clear realization of the 
fact that we ought not to have thought we under- 
stood the part which we regarded as non-abstract. 

Now the main reason why I have dragged in this 
discussion of the Einstein theory is this. The motion 
of the particle has been described by the geodesic 
law, and the problem of the motion of one particle 
about another particle, regarded as fixed, was of 
eourse solved by Einstein. The g’s which oceur in 
that calculation are the g’s as calculated for the fixed 


particle alone, and indeed the process of finding them ° 


was to find a solution of the differential equations 
which was symmetrical about the point which the par- 
ticle was to occupy. Now, in electromagnetic theory, 
the linearity of the equations makes it possible to 
define what we mean by the field of one electron as 
distinct from that of another. But, the equations 
of the Einstein theory are non-linear, and this cir- 
cumstance renders such a definition impracticable. 
We might still impart definiteness of statement into 
the geodesic law were we to say that the particle B 
moves in a geodesic in the field which the particle 
A would produce if alone in space. The non-linear- 
ity of the equations will not let us eseape from the 
difficulty so easily, however, for, as I have already 
remarked, that very non-linearity itself insures a re- 
lation between the motions of the singularities from 
the mere fact that they are singularities in a solution 
of non-linear equations. Neither can we avoid the 
difficulty by diminishing very greatly the strength 
of the singularity whose motion we are discussing, 
with the idea of thereby diminishing its contribu- 
tion to the g’s; for, the definiteness with which the 
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motion of a singularity is determined by the non- 
linearity of the equations does not necessarily diminish 
with the strength of the singularity. The question 
then remains as to whether the law of the geodesic 
is less stringent, more stringent or the analytical 
equivalent of the law imposed by the non-linearity. 
Until this matter is cleared up, there is a danger that 
the law of the geodesic may say too much. 

At first sight, it may appear that the difficulty may 
be avoided by that line of attack in which the theory 
is thrown into a form in which the Matter-Energy 
Tensor is used to define the presence of a matter, 
and a set of equations of motion are apparently built 
up without the use of the geodesic law, to which, how- 
ever, an attempt is made to show them equivalent in 
a special case. A careful examination of the pro- 
cedure will, I think, reveal however that, in the case 
of the motion of a body for example, the quantity 
which figures in the theory as a velocity is not neces- 
sarily the space-time velocity of the region of dis- 
continuity between what is defined as matter and what 
is defined as empty space, and it remains as an addi- 
tional postulate that solutions of the equations which 
Einstein uses for his g’s can be found for which 
the two are consistent. 

The sort of difficulty here discussed must arise in 

any scheme in which matter is defined as present at 
points where there exist singularities of solutions of 
non-linear systems of differential equations, and in 
which an attempt is made to describe the motion 
other than through the laws which the differential 
equations themselves impose on/that motion. 
' A good deal might be said as to the causes which 
have been responsible for the desire to express na- 
ture’s laws in a form invariant under any transforma- 
tion of coordinates, and for this I have no time. I 
should like, however, to make one remark on the 
meaning of the invariance of physical laws. For 
simplicity, let me for the moment confine my remarks 
to invariance in the sense of the restricted theory of 
relativity. 

Suppose that we modify the equations of the New- 
tonian theory into a form consistent with the re- 
stricted theory, as in fact Poincaré did. Of course 
they will differ but very slightly from the Newtonian 
equations. Suppose the planets actually follow such 
a law. <A particular solution of the equations will 
still correspond to one body, say the sun, with all 
the other planets moving in exact circles around it, 
apart, of course, from the mutual influence of the 
planets. Suppose I then made careful measurements 
and actually give $ and r as functions of t. The 
former would of course be proportional to ¢t and the 
latter would be a constant, its magnitude being de- 
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: de pecessa 
termined by the constant value of a Suppose, nov, to the | 
I assert that the equations I have written down She 
resent a law of nature since they are true for ey spirit ¢ 
planet I observe. Will my law be invariant under tivity, 
the transformation of the restricted theory? (,. lies ¢ 
tainly not. Is it inconsistent with the restricted any t 
theory? Certainly not. In fact, we started out wij, am {" ' 
the supposition that the law I had found experime,. Mam ™° ° 
tally satisfies equations of motion consistent with the invari? 
restricted theory, although I was not supposed 1, spinit 
know that. Then here is a dilemma. The thing iy fam °°" 
true because I observed it. It is even a solution of Me!” d 
equations consistent with relativity, but I must no, Me 2° 
eall it a law because it itself is not invariant unde fm 2" 
the restricted theory. When is a thing which is lay jm "°° 
to be called a law and when is it not to be calla tons ¢ 
a law? cas 
If I should take my results concerning the planets Hae °°""* 
motions to a relativist he will say: “No, that is not Me - 
the law; you have said too much. You have given » - 

ing; 


an integration of the differential equations which 
express the law, and that contains much that is pecu- 
liar to your coordinates, The thing is not as invariant 
as all that.” I shall ask him how much less I am 
supposed to say before he will permit my statemer 
to pass as a law. He-will show me those differenti 
equations of the second order which, as we stated a 
the beginning, were supposed to be invariant, and 
of which my empirically found result constituted a 
solution. The relativist will say: “Now these differ- 
ential equations say less than you have said, because, 
on integrating them there will be certain arbitrary 
constants which the equations themselves will not de- 
termine. These constants will be different for differ- 
ent systems of coordinates, so that what you will write 
down as the solution of these equations for that par- 
ticular set of planetary motions which you have de- 
scribed will not appear the same in other sets of 
coordinates. Of course the most general solution of 
these equations, with the constants left arbitrary, will 
be of the same form in all systems of coordinates.” 
Since, in order to say something which is invariant, 
I have been condemned to speak in differential equa- 
tions of order no lower than the second, I now begin S1 
to wonder why I have been allowed even that amount a 
of liberty. For I might have said less still by speak- to ¢ 
ing in equations of higher order, since, in solving not 










these equations it would have been necessary to spe dow 
cify more constants in order to make my solution a 
definite. With equations of very high order, it would st 
be necessary to add almost the whole story by the may 
insertion of the various constants (and, in the case AB: 


of partial differential equations, arbitrary functions), 
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necessary to proceed from the differential equations 
tp the solution. 

Thus, if any one should ask me to state the general 
‘gpirit of the statement of the general theory of rela- 
tivity, 1 do not think that I should say that it im- 
plies that the laws of nature are invariant under 
apy transformation of coordinates, for that is not 
fair to statements of truths which would appear to 
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“8 : have every right to be called laws, but would not be 
th the invariant. I should feel inclined to say that the 
ed to spirit of the principle is that it is possible to say 
ing iy Ma comething in a form invariant under any transforma- 
on of tion of coordinates, even though, in the limit, when 
t not the equations are of very high order, that something 
ander night amount to nothing. An important feature of 
3 lay Einstein’s theory is that it speaks in terms of equa- 
alled tions of only the second order. 

Apart from its relativistic bearing, the most revolu- 
nets’ tionary aspect of Hinstein’s gravitational theory is 
: not its substitution in place of force acting in opposition 
riven to kinetic reaction as a starting point in our think- 
hich ing, the properties of a mathematical curve as a more 
ecu- fit thing in which to find a representation of nature’s 
“iant laws. It is not a question of one method being right 


and the other wrong, but a clear realization that 
neither has any claim to ultimate fundamentality 
ither than that which its simplicity implies. A very 
frude analogy will serve to illustrate the nature of 
the situation. 
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Suppose that the figure represents a crater with 
& house H in the middle, and that a traveler sets out 
to go from A to E by the shortest path. He will 
hot necessarily pursue the path ABHDE leading 
“ down to the bottom of the crater, and through the 
j house, because that may be too long. Nor will he 
. hecessarily go by the path ABGDE, because that 
: may be too long. By taking some such course as 
ABFDE crossing the crater part of the way down, it 
is possible that he will find a path shorter than any 
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other, and this is the path he will take. Suppose now 
that while this is true, we know nothing about it, and 
that we find ourselves seated high up in an airplane 
watching the spectacle. Of course I shall not see 
the crater as such, everything will appear flat. I 
shall see the traveler going from A to E, and shall 
wonder why he does not go straight across and 
through the house. If I have been taught in my 
youth that a body moves in a straight line unless a 
force acts on it I shall conclude that the house repels 
him. Having come to this interesting conclusion, I 
shall ponder over the reason why the house repels 
him. Possibly I shall receive a sudden inspiration 
which will lead me to believe that the house contains 
a man, who is provided with a hose which he plays 
on the traveler, compelling him to keep away from his 
property. I may be able to describe the traveler’s 
path very accurately in terms of the hose. Now if 
you are philosophically inclined, you may doubt the 
reality of this explanation, and ask me whether I 
am certain that there really is a hose in that house, 
Of course, if you press me hard enough, I shall find 
difficulty in proving that there is. If you worry me 
enough, however, I shall get very angry with you 
and call you an impracticable philosopher; but, feel- 
ing the need of saying something to your arguments, 
I may finally talk to you in this way: “I care not 
whether there is or is not a hose in that house. So 
long as by picturing one there, and expressing the 
traveler’s motion in terms of its influence I can pre- 
dict results which are true, I am on perfectly firm 
ground. I am responsible to no man for how I think 
so long as my conclusions are correct.” Having 
said this, I shall feel that I have justified my atti- 
tude, and confounded you completely. I shall begin 
to feel a bit of a philesopher myself; but I shall con- 
tinue to enjoy secretly the picture of this hose and 
the various details of its action. I shall think all 
sorts of things about it which I shall never dare to tell 
you lest you should laugh at me. I shall wonder what 
the density of the liquid composing the hose stream 
may be, what its boiling point may be, and so forth, 
and I shall thank heaven that I am not like you who 
have no hose to aid you; for I shall wonder how 
your mind can think at all unless it has something 
to think about. Now suppose that while I am doing 
all this you should bring me some observations which 
show that the motion of the traveler was not exactly 
what we thought it was. The difference might be 
very slight, but it might be of such a nature as to 
upset completely the simplicity of the action which 
I had imagined as going on by virtue of the hose. 
Of course, I shall first cling to the hose, but shall 
modify it slightly. I shall say “Naturally this is no 
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ordinary kind of a hose. Possibly it does not push 
entirely in the direction in which the stream of liquid 
travels,” but I shall have to face the situation that 
while the discrepancies may be small in amount they 
may be large in principle, and involve such radical 
alterations in my notions of the mechanism of the 
process that the hose which I shall have to picture 
will be radically different from any hose which I have 
ever seen. I shall go on in this way, modifying and 
adjusting the hose, making it more and more difficult 
to understand; and, forgetting that the original jus- 
tification for its introduction was its apparent power 
to explain what was observed in terms of something 
which I thought I knew all about, I shall soon be in 
the position of expending 99 per cent. of my inge- 
nuity in trying to understand the hose, leaving only 
one per cent. for the law of the traveler. Now sup- 
pose that, while I am doing this, and am feeling 
rather disheartened with my success, you should come 
to me and say, “I have made a discovery. I do not 
know why the traveler moves as he does, neither, I 
think, do you, but I have found exactly how he does 
move. He is moving from A to E by a path which 
is the shortest distance between those two points, not 
as the crow flies, but across a crater whose form I 
can describe to you in a very elegant way, and which 
appears to play a very important part in a lot of 
other phenomena going on down there, the direction 
which that little stream takes for example.” Suppose 
you should say this, and should add: “Now, I am 
going to take this statement of the law as my start- 
ing point. If there is to be any hose in the matter, 
it is the hose which is going to be explained in terms 
of this fundamental law, and not the fundamental 
law in terms of the hose.” I think I should have to 
admit that your attitude was at least reasonable. It 
is a change of viewpoint of this kind to which we 
have to adapt ourselves in passing over from the 
Newtonian description of motion to that adopted in 
Einstein’s theory of gravitation. 


CoNCLUSION 


In its fundamental aspects, practically the whole 
of modern physies is concerned with the discussion 
of the relations which exist between the motions of 
two sets of points in such a way as to establish a 
sort of one-one correspondence between the things 
which we do, and the behavior of one set of points 
on the one hand, and the things which we observe 
and the behavior of the other set of points on the 
other hand. We send a beam of electrons through 
an X-ray tube, and certain dark lines appear on 
photographie plates elsewhere, or electrons are emit- 
ted with certain velocities which we measure in- 
directly. As regards the electrons which are emitted 
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into our apparatus, we can almost say that we ob. 
serve them directly. As regards the blackening 
the photographic plate, we are content if we can 
account for certain electronic emissions or moti, 
to which we can attribute it. We do not, however, 
try to establish a direct relation between the original 
beam of electrons and the photographic plate ¢, 
photoelectric cell, because we find that certain othe 
apparatus was necessary for the experiment, a caleit, 
grating and X-ray target, and so forth. These piecg 
of apparatus are replaced in the mind’s eye by othe 
sets of points grouped into atoms and molecules, jy 
a manner characteristic of the substances in such g 
way that we may hope to be able to establish a relg. 
tion between the first set of points, those in the tar. 
get, those in the calcite and those in the final photo. 
graphic plate or photoelectric cell. The whole prob. 
lem is to discover how the points must be assigned 
and what function their mutual motions are of each 
other in order that the cérrelation may be satisfac. 
torily made. 

So far it has been possible to get along with points 
of two classes, the positive and negative electrons, 
and it would be considered artificial if we had to in. 
troduce anything else. The reason for this lies in the 
fact that only these two kinds of points occur in the 
specification of what. we do and what we observe. 
In a certain sense we have isolated them, and the de. 
sire is to introduce into the atom nothing other than 
what we have actually observed outside. Apart from 
this, there would appear to be no logical objection 
to the introduction of other classes of points as 
intermediaries if they would prove helpful. Bohr’s 
virtual oscillators and the quanta which we have dis- 
cussed at some length in the foregoing are cases in 
point. 

Now, it is in the problem of how the points control 
each other’s motions that there appears that defer- 
ence to traditions in our thinking which is the source 
of comfort on the one hand and trouble on the other. 
Our ideas of force and kinetie reactions which had 
their birth in an age which dealt only with the mo- 
tions of the heavenly bodies, combined with a repug- 
nance to anything savoring of action at a distance, 
has led us to describe the motions of any one of 
these points in terms of fields produced by the others. 
This description of the motion has invited many other 
ideas. We have felt the desire to define in terms of 
this field something whose radiation from one of the 
points is synonymous with decrease in the velocity 
of that point and whose influx into a region con- 
taining another point is synonymous with increasé 
of motion of the point there in such a way as (0 
maintain what we speak of as conservation of energy. 
The necessity of providing for the smooth working 
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of these ideas has suggested extending the points 

into finite sizes, with the attachments of numbers 

(the yolume density) to the volume elements to which 

‘hey are extended, in such a manner as to retain the 

tal charge eonstant. It is in the mechanism which 

ye have provided for interrelating the motions of 
the points that most of our difficulties have occurred. 

The mere deseription of that interrelation is not diffi- 

alt, and could readily be written down. Such a de- 

gription as a complete statement would, however, 
be regarded as artificial without an interlocking mech- 
snism built up in accordance with the ideas which we 
have inherited from our studies of matter in bulk. 

It is only little by little that we will allow these modes 

of expression to depart from us. Each step must be 

allowed time to grow; and not until it is firmly en- 
trenched are we willing to admit a further extension. 

Classical electrodynamics itself affords a good illus- 

tration of a stage in such developments. I suppose 

it would be fair to say that, to-day, the average 
physicist would be very content if everything could 
be correlated on the basis of classical electrodynamics. 

Yet, at the time when it was born, electrodynamics 
was as incomprehensible to most people as the quan- 

tum theory is to-day. The desire to interpret it in 
tems of the properties of ordinary matter was com- 
pelling, and afforded difficulties of primary moment. 

To-day we would be satisfied with the theory itself 
if it were complete, and would be glad of it, not 
beeause we have any more of a picture in the sense 
in which Maxwell or Kelvin looked for a picture, 
but because we have developed a state of mind in 
which we have widened our criteria for reasonable- 
ness, the change having come about through con- 
tinual contact with the phenomena correlated by that 
theory which was at first incomprehensible. It is 
only by elose familiarity with the phenomena that 
radical changes in physical assumptions, which they 
suggest, and the corresponding moulding of our 
thoughts become part of our make-up in the sense 
that when something is explained in terms of them 
we say we understand the matter. This development 
of mental attitude takes place naturally with greatest 
intensity in the minds of those radicals in physical 
thought who are responsible for the new points of 
view, so that it is quite natural to find, as we do find, 
that radicals in physics are apt to become extremely 
conservative in their own radicalism. 

It is a point which has been mooted before that 
there may be many ways of understanding the uni- 
verse in terms of different fundamental starting 
points; and, once one has become imbued with this 
view, he is not averse to adopting different methods 
for the discussion of different classes of phenomena; 
for it is not unnatural to find that correlation in a 
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limited field of nature’s laws may be made in terms 
which are simpler than those which would aim to 
correlate all the phenomena of the universe. I some- 
times picture the state of business of an optician 
whose activity is devoted to the manufacture of lenses, 
but, hearing of the unsatisfactory state of the quan- 
tum theory of dispersion, shuts up his shop until the 
matter is settled or even attempts to use the theory 
when it is settled. 

How frequently somebody puts forth a theory 
founded on concepts which seem to have no place 
in a complete logical scheme, which even imply a 
misunderstanding of the fundamentals and which the 
philosopher could knock into a cocked hat in a min- 
ute if he so chose. How frequently he uses these 
concepts in a manner which tempts the mathematical 
physicist to tell him that he does not know what he is 
doing. Yet, how aggravatingly frequently he de- 
duces from the illogical mess some new consequence 
which is found to be right and which may even have 
no place in the more profound philosopher’s scheme 
of things. There is something in the fact that if we 
write down any correlation of a group of n phe- 
nomena where n is large, the chances are that, no 
matter what we may be thinking about, or what our 
picture of the processes is, if that scheme of correla- 
tion predicts a new phenomenon, that phenomenon 
will be found in nature. Even in its full generality, 
the scheme of nature’s laws is not so elusive and 
fickle but that if we fit some scheme of regularity 
to it at one place we may, with reasonable chances 
of success, extrapolate that scheme of regularity 
beyond the place where we made the fit and predict 
new results. And it would seem that there need be 
no fundamental objection to the process, provided 
that one does not trouble himself about non-essentials 
—provided that if he uses an electron with mass, 
energy and so forth, he does not wonder what its 
color is—provided that, if he uses an ether for the 
purpose of visualizing the propagation of effects in 
terms of elasticity and inertia, he does not trouble 
himself as to why it does not freeze out in space 
where it is so cold, and why he does not therefore 
get light reflected from the boundary, and why the 
ether does not boil as the stars pass through it. 

A power of critical insight which will enable us to 
show that, in the last analysis, nothing is real and 
most things are meaningless is all very well in its 
way; but it will not always carry its owner very 
far, and may frequently lead him into pessimism. 
Perhaps the most hopeful condition is a combination 
of critical insight with a none too delicate conscience 
when smelling out the truth. The owner of this com- 
bination may be subject to the criticism of being a 
particularly vicious sinner since he knows better, 
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but his philosophy will save him the retribution of 
his misdeeds; for he will know not to concern himself 
with the color of the electron unless the matter has 
a bearing. He will be apt to reap only the wheat 
from his harvest and leave the tares. 


W. F. G. Swann 
YALE UNIVERSITY 





THE WHITE INDIANS OF THE SAN 
BLAS AND DARIEN 


As a result of recent studies carried on in the 
Darien region of Panama, more specifically on the 
San Blas coast, certain facts concerning the reported 
White Indians have been brought to light. 

The White Indians obviously express a form of 
albinism which has been termed imperfect or partial 
albinism by Geoffroy Saint Hilaire, Pearson and 
others. These terms signify that either the skin, 
hair or eyes, any two or all three may fail to express 
the full albinotic condition, but that one or more are, 
partially at least, relatively free from pigment. 

Such a condition actually applies to the Indians in 
question. Many, if not all, of the White Indian males 
have frecklelike copper colored pigment spots of vary- 
ing size, location and number, which evince an im- 
perfect condition of albinism in the skin. Again the 
hair is not necessarily devoid of pigment, but in some 
eases shows traces of brown and in other cases is 
clearly auburn. Finally the iris is hazel (blue with 
brown spots), or dark blue, or dark violet. These 
observations clearly establish the fact that, if any 
classification of different degrees of albinism is valu- 
able, as no doubt it is, the White Indians of Darien 
and the San Blas must be considered imperfect or 
partial albinos. 

This contention, as opposed to the classification of 
these Indians as persons exhibiting idiopathic leuco- 
derma, is supported by the fact that the condition 
obviously has a genetic basis, and that it is not the 
result of progressive development but is apparent at 
birth. Indeed its hereditary nature is demonstrated 
clearly in the hundred or more matings, the history 
of which I obtained during my residence in San Blas. 
If idiopathic leucoderma be considered as an inherited 
trait, then the terms imperfect and partial albinism 
and idiopathic leucoderma obviously approach a sy- 
nonymous significance. 

The origin of the condition expressed in the White 
Indians would seem to be most satisfactorily placed 
in the mutation theory. I saw no evidence of their 
origin being traceable to previous miscegenation with 
Caucasians. 

The White Indians appear frequently from matings 
of brown San Blas Indians, resident on the islands 
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just off the mainland, and on the mainland ; 
Indeed this is the principal source of White Tndiay 
in the region, as whites are not permitted to mal 
with whites, and browns only very rarely mate vit 
whites. ' 

Do the White Indians form a race? If foy the 
existence of a race one demands geographical Segre, 
gation and permanency through the demonstrated pM. 
duction of likes by likes the White Indians can not j, 
said to form a race, for they neither occur by they, 
selves in segregated geographical areas nor are they 
permitted to reproduce their kind. But if in a de, 
nition of race one includes any group exhibiting 
strikingly differential characteristics which are jp, 
sured of permanency by virtue of possessing , 
genetical basis, then the White Indians of the Sy 
Blas may be said to form at present a race which, 
due to artificial restrictions, is dependent for its ¢op. 
tinued appearance upon another race, carrying fx. 
tors for the former’s inherited differential character. 
istics in its germplasm. It is obvious that whatevy 
definition is applied the difference is not qualitative 
but rather quantitative; the qualitative basis, genetica| 
nature of differential characteristics, being present in 
either case. Whether or not it is admitted that th 
White Indians now form a distinct race there can lx 
no question that, at least, they hold potentialities for 
race production. 


Actually, it may be repeated, the whites do no 
occur by themselves in a segregated geographical ara 
but are to be found in varying numbers in practi 
cally all the “brown” villages of the region, wher 
they appear, from time to time, from matings of r 
cessive carrying browns with recessive carryin 
browns. The whites form about 0.7 per cent. of the 
total population: an exceedingly high proportion for 
any form of albinism. This high proportion I 4- 
tribute to the fact that intense inbreeding has o¢- 
curred for some time in the Indian villages. Thu: 
conditions are highly favorable for the frequent ex- 
pression of any recessive traits occurring in the 
strain. Since all known forms of albinism are ap- 
parently recessive to the normal eondition, and % 
albinism, like all recessive traits, occurs more fre- 
quently in consanguineous marriages than in tle 
population at large, the observed high proportion 
of whites among the San Blas Indians is not astoun¢- 
ing, in view of the constant inbreeding which occurs. 

The exact method of inheritance functioning in the 
present instance is not yet established. The cond 
tion is apparently recessive to the normal, but it 3 
not clear whether it is due primarily to the action of 
a single gene, in its interrelation to the whole chro 
mosomal content, or whether the genetic composition 
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f the whites differs in more than one gene from that 
f the normal San Blas Indians. 

A more detailed presentation of the observations 
made and the data collected will be made in the near 
future. 

ReGinatp G. Harris 


BIOLOGICAL LABORATORY, 
Cotp Spring Harpor, L. I., N. Y. 





THE JAMES SIMPSON-ROOSEVELT 
EXPEDITION OF THE FIELD 
MUSEUM OF NATURAL 
HISTORY 


CoLONEL THEODORE ROOSEVELT, JR., and his brother 
Kermit, sons of the former president, sailed from New 
York April 11 to lead an expedition through southern 
and central Asia under the auspices of the Field Mu- 
seum of Natural History of Chicago. The magic of 
the name Roosevelt has led to much attention from 
the newspapers, and many questions are still being 
asked. To meet some of those which may arise in the 
minds of readers of Science, therefore, I have. been 
requested by Mr. D. C. Davies, director of Field Mu- 
seum, to make a brief statement regarding the expe- 
dition. , 

The possibility of such an expedition had been con- 
sidered by Mr. Kermit Roosevelt for some time, but 
just what form it would take and whether or not his 
brother Theodore could join forces with him was not 
decided until quite recently. Like their father, both 
the younger Roosevelts have an extraordinary interest 
in natural history and a knowledge of animal life far 
beyond that of the average sportsman. They have 
read widely in the literature of zoological exploration 
and are by no means superficial in their grasp of fun- 
damental problems connected with the study of the 
origin, evolution and distribution of faunas and spe- 
cial groups. As boys, they collected and prepared 
specimens to form small private collections of their 
own, and are thoroughly familiar with the detailed 
purposes and requirements of museum material. 
Therefore, like their father, they wished to have an 
expedition which would improve all opportunities to 
make it of lasting value to science. This was beyond 
their personal means, so they made known their de- 

sires to Mr. Stanley Field, president of the Field Mu- 
seum. Mr. Field immediately took up the matter with 
Mr. James Simpson, a trustee of the museum, who 
had previously manifested his interest in the institu- 
tion by the gift of its public lecture hall, known as 
the James Simpson Theater. Mr. Simpson, thereupon, 
agreed to provide the necessary support, involving no 
Temuneration for the Roosevelts, but making it pos- 
sible for them to carry all desired equipment for gen- 
eral zoological collecting and to employ trained as- 
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sistants to cover special fields. The trip thus became 
a museum expedition and the principals have made 
their plans accordingly with a spirit quite as if they 
were regular members of the museum staff. 

The expedition will enter India at Karachi and 
Bombay and proceed to Srinagar in Kashmir. Thence 
it is planned to cross the Himalayas via Leh and the 
Karakoram Pass, to make excursions into the Pamir 
region and then to push on across Turkestan to the 
Thian Shan Mountains. Subsequent movements will 
depend upon circumstances, but it is hoped to work in 
other parts of Turkestan and adjoining regions. The 
duration of the trip also is uncertain and, if necessary 
to accomplish the desired results, it will doubtless be 
prolonged beyond the present year. Newspaper ac- 
counts have, perhaps, borne rather heavily on the idea 
that the region to be visited is wholly unknown and 
quite unexplored. This of course is not justified, for 
although it is remote and difficult of access, sportsmen 
and travelers, mainly British and less famous than 
Marco Polo, have traversed much of it, and various 
books and maps have been published. Many parts of 
it, however, offer wholly new fields for the modern 
zoological collector and carefully made collections are 
particularly desirable at this time to supplement those 
being made somewhat farther north by Roy Chapman 
Andrews and the Third Asiatic Expedition in connec- 
tion with which the American Museum and the Field 
Museum have a cooperative agreement. Aside from 
brief notes in various serials, the only study of any 
considerable part of the vertebrates of the region is 
found in the “Scientific Results of the Second Yarkand 
Expedition,” published in 1879. 

For practical reasons, the expedition is accom- 
panied at the outset by only one trained zoological 
collector, Mr. George K. Cherrie, but others will be 
engaged in England or in India, and no pains or ex- 
pense will be spared to make thorough collections, at 
least of all the vertebrates of the regions visited. Be- 
sides the usual equipment for collecting skins, skulls 
and skeletons of mammals and birds, portable tanks, 
preservative and paraphernalia are being carried to 
enable attention to be given to reptiles and amphibians 
or freshwater fishes. The party will be divided from 
time to time and special collectors will be sent into 
particular regions to work uninterruptedly along par- 
ticular lines. Mr. Cherrie is known especially as an 
ornithologist, but is competent in all branches of field 
work and, by his long experience on many previous 
expeditions, is especially qualified for the general 
supervision of work of this kind. He was at one time 
connected with the Field Museum in its department of 
zoology and, later, he held a position with the Brook- 
lyn Museum. In recent years he has been a free 
lance collector employed only at intervals, mainly by 
the American Museum of Natural History. His free- 
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dom from engagement at this time combined with his 
warm friendship with Kermit Roosevelt, gained dur- 
ing association on the famous “River of Doubt” expe- 
dition in South America, led to his immediate selection 
for the present Asiatic trip. Needless to say, hun- 
dreds of volunteers from all parts of the country, 
trained and untrained and of both sexes, have sent in 
urgent pleas for employment, but none could be ac- 
_ cepted. 

The Roosevelts, themselves, will doubtless devote 
much of their time to big game hunting, but practi- 
cally all of it will be directed to obtaining selected 
animals of different ages and sexes to fulfill the re- 
quirements of large habitat groups for the Museum. 
Among the animals to be especially sought for this 
purpose are Marco Polo’s Sheep (Ovis poli) which, 
on account of its very long and gracefully curved 
horns, is generally regarded as the finest of all wild 
sheep; the Thian Shan Ibex (Capra sibirica), a mag- 
nificent species with scimitar horns averaging nearly 
a foot longer than those of the European Ibex, and 
the Markhor (Capra falconeri), handsomest and most 
prized of all wild goats. These and other rare and 
interesting ruminants inhabit very high and mostly 
very rough country at altitudes of 16,000 feet or more, 
where a large part of the time will be spent. In cen- 
tral Turkestan beyond the Himalayas, however, there 
is lower ground and warmer climate, and here it is 
hoped to hunt for long-haired tigers. Specimens of 
these tigers have reached one European museum and 
two races have been characterized indicating distine- 
tions from the Manchurian Tiger and the southern 
forms. No specimens are in American museums, and 
the large fauna which is doubtless associated with ani- 
mals of this kind is very little known. 

Witrrep H. Oscoop 
FIELD MUSEUM OF NATURAL HISTORY 





SCIENTIFIC EVENTS 


THE INTERNATIONAL CONGRESS OF 
FORESTRY 

By agreement between the International Institute of 
Agriculture and the Italian government a committee 
has been established for organizing a world’s forestry 
congress to take place in Rome early in May, 1926. 
The headquarters of this committee, which is com- 
posed as follows, are at the International Institute of 
Agriculture in Rome: President, Professor Arrigo 
Serpieri, director of the Royal Higher Institute of 
Agriculture and Forestry at Florence, member of the 
Italian government; Vice-presidents, M. Anders Fjel- 
stad, delegate of Norway at the International Insti- 
tute of Agriculture, and Dr. Alessandro Stella, di- 
rector-general of Forests and State Lands at the Ital- 
ian Ministry of National Economy; Secretary, Signor 
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Ariberto Merendi, Chief Inspector of Forests at the 
Ministry of National Economy; M. Deoelecio de Can. 
pos, delegate of Brazil at the International Institute 
of Agriculture; Signor Gian Francesco Guerrayy; 
delegate of Italian Somaliland at the Institute, i 
Professor Asher Hobson, delegate of the United States 
of America at the Institute. 

The congress will bring together experts in {o,. 
estry and the timber and allied industries from all 
parts of the world. At the same time, in conjunctio, 
with the International Fair at Milan, there wil] be 
held an important exhibition of forest products anj 
the machinery used in their conversion, which wil 
enable visitors to examine the different products of 
the wood-inanufacturing industries and the wood. 
working machines made in the various countries, Va. 
rious excursions to the more typical forest lands jy 
Italy, and possibly in other countries, will be arranged 
to follow the work of the congress. 


WORK OF THE NORTHEASTERN FOREST 
EXPERIMENT STATION 

ANNOUNCEMENT is made by the Northeastern 
Forest Experiment Station that its work will be ex. 
panded during the coming year to include investiga- 
tions of insect pests and tree diseases in cooperation 
with the Bureau of Entomology and the Bureau of 
Plant Industry. The investigations of insect pests 
are being financed in part by contributions from 
several individuals, who desire to remain anonymous, 
for the control of the white pine weevil. H. J. Mac- 
Aloney, of the New York State College of Forestry 
at Syracuse University, will be in general charge of 
the work. The sum of $2,500 for each of the two 
succeeding years has been made available for the 
study, which will be conducted in cooperation between 
the Northeastern Forest Experiment Station, the 
Bureau of Entomology, the Harvard Forest, the New 
York State Conservation Commission and other in- 
terested agencies. The white pine weevil, at the con- 
trol of which the study is aimed, is an insect which 
annually causes much damage by destroying the ter- 
minal shoots of young pine trees. This results in 
decreased growth, and frequently in malformation of 
the trees attacked. The insect is distributed through- 
out the eastern United States and is one of the serious 
drawbacks to the profitable growing of white pine. 

Other entomological studies which will be conducted 
next year at the Northeastern Forest Experiment 
Station include observations on the larch sawily, 
which some forty or fifty years ago practically ¢x- 
terminated all the mature larch in the northeastern 
states, and which appears again to be becoming active 
in increasing numbers. This work will be handled by 
J. A. Beal, of the New York State College of For- 





yay 


estry; 
in th 
slash 
injur 
betwe 
Main 
worm 
eontil 
Dr 
of V 
Path 
assig! 
tion 
inves 
bligh 
chest 
now 
of ch 
to th 
appa 
recov 
that 
from 
areas 
that 
been 
pole: 
gene 
port: 
extel 
inclu 
pine 
diffe 


Alv 





stern 
@ ex- 
tiga- 
ation 
u of 
pests 
from 
10us, 
Mae- 
astry 
e of 
two 
the 
yeen 
the 
New 
in- 
0N- 
rich 
ter- 

in 
of 
gh- 
ous 


way 1, 1925] 


estry, who will also study the part played by insects 
in the disintegration and disappearance of logging 
slash and of the possible danger of breeding insects 
injurious to living trees in such slash. Cooperation 
between the Forest Experiment Station and the 
Maine Forest Service in studies of the spruce bud- 
yorm and other destructive forest insects will be 
continued. 

Dr. Perley Spaulding, a graduate of the University 
of Vermont and a member of the Office of Forest 
Pathology in the Bureau of Plant Industry, will be 
assigned to the Northeastern Forest Experiment Sta- 
tion for the studies of tree diseases. Dr. Spaulding’s 
investigations will stress particularly the chestnut 
blight, which has destroyed immense quantities of 
chestnut trees in the northeastern states, and which is 
now present throughout practically the entire range 
of chestnut. His studies will be directed particularly 
to the location and propagation of all trees which are 
apparently more or less immune to or are able to 
recover from the effects of the blight. It is hoped 
that certain blight-resistant individuals may be found 
from which it will eventually be possible to reforest 
areas where the chestnut has been destroyed with trees 
that are able to withstand the disease. Chestnut has 
been so important a source of fence -posts, telephone 
poles, railroad ties and tannin extract, as well as a 
general utility farm timber, that it is exceedingly im- 
portant to make every effort to save it from complete 
extermination. Dr. Spaulding’s activities will also 
include, so far as time permits, studies of the white 
pine blister rust and of the decay of logging slash of 
different kinds of trees and under different conditions. 


SIGMA XI AND THE CALIFORNIA 
INSTITUTE OF TECHNOLOGY 


A NOTABLE event in the history of science took place 
on April 2 with the installation of a Sigma Xi Chap- 
ter at the California Institute of Technology at Pasa- 
dena. The installation ceremony was conducted by 
the national president, Dr. F. K. Richtmyer, who 
came to California for this purpose. The charter 
membership includes forty-one members of the insti- 
tute staff, twenty-three graduate students and eighteen 
members of the Mount Wilson Observatory staff. The 
following officers were elected for the new chapter: 


R. A. Millikan, President. 
A. A. Noyes, Vice-president. 
W. N. Lacey, Secretary. 

R. W. Sorensen, Treasurer. 


Following the installation ceremonies a dinner was 
served to 250 alumni of Sigma Xi, and responses were 
made by J. C. Shedd, president of the Sigma Xi 
Alumni Association of Southern California; W. L. 
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Hardin, past president of the Sigma Xi Alumni Asso- 
ciation; Dr. D. C. Miller, president of the American 
Physical Society, and Dr. P. Debeye, of Zurich, Swit- 
zerland. 

At the close of the dinner a notable address was 
given by Professor Richtmyer, before an appreciative 
audience, on the subject of “Some aspects of X-ray 
work.” The lecture was illustrated with apparatus 
furnished through the courtesy of the General Elec- 
trie Company. 

JoHN C. SHEDD, 
National Secretary, pro tem. 


THIRD NATIONAL COLLOID SYMPOSIUM 


THE provisional program of the Third National 
Colloid Symposium at the University of Minnesota, 
to be held on June 17, 18 and 19, is as follows, 
Dr. Harry N. Holmes is chairman of the symposium. 


Molecular weight and solution: W. D. BAaNcrort, Cor- 
nell University. 

Some new aspects of the surface tension of colloidal 
solutions which have led to the determination of molecular 
dimensions : LECOMTE DU NoUy, Rockefeller Institute for 
Medical Research. 

The orientation and distribution of molecules: IRvING 
LANGMUIR, General Electric Company. 

Photographic sensitwity: 8S. E. SHEPPARD, Eastman 
Kodak Company. 

Adsorption: Dr. FREUNDLICH. 

Catalysis by Metallized Silica Gels: L. H. RYERSON, 
University of Minnesota. 

Colloidal water and ice: Howarp T. BARNES, McGill 
University. 

Colloidal chemistry of rennet coagulation: L. 8. PAt- 
MER, University of Minnesota. 

The viscosity of protoplasm: L. V. HEILBRUNN, Uni- 
versity of Michigan. 

Antigenic properties of bacterial toxins neutralized by 
surface tension depressants: W. P. LARSON, R. S. Evans, 
H. O. HALVERSON, University of Minnesota Medical 
School. 

Physico-chemical studies on blood coagulation: I. N. 
KUuUGELMASS, Yale University Medical School. 

The effect of anions on the colloidal and chemical prop- 
erties of aluminum hydroxide: Lewis B. MILLER, U. 8. 
Public Health Service. 

The nature of soil colloids: Pump L. GILE, U. S. 
Bureau of Soils, Washington, D. C. 

The colloid chemistry of soils: E. TruoG, University of 
Wisconsin. 

Sotl water: F. J. Auway, Division of Soils, University 
of Minnesota. 

Colloids in geology: W. J. MEAD, University of Wis- 
consin. 

Lithopones: C. A. MANN, University of Minnesota. 

The plasticity problems of rubber: W. J. KELLY, Good- 
year Rubber Co. 

An experimental study of emulsification on the basis 
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of distribution of size of particles: ALFRED J. STAMM, 
University of Wisconsin. 

The centrifugal method for determination of the dis- 
tribution of size of particles in colloidal solutions: J. B. 
NICHOLS, University of Wiscensin. 

The motion picture machine as an aid to colloid re- 
search demonstrations: E. O. KRAEMER, University of 
Wisconsin; W. J. KetLy, Goodyear Tire and Rubber Co.; 
W. G. FRANCE, Ohio State University. 


TOWNSHEND STITH BRANDEGEE 


TOWNSHEND StitH BRANDEGEE, honorary curator 
in the herbarium of the University of California, died 
in Berkeley, California, on April 7, 1925, in the 
eighty-third year of his age. Mr. Brandegee was born 
on February 16, 1843, in the village of Berlin, Con- 
necticut. He was a veteran of the Civil War, a grad- 
uate of the Sheffield Scientific School of Yale Univer- 
sity in 1870 (Ph.B.), by profession a civil engineer. 
He was assistant topographer on Hayden’s survey of 
the territories, with work largely in southwest Colo- 
rado. He was also connected with the northern trans- 
continental survey, being situated in the Yakima Re- 
gion in what was then Washington Territory. He 
came to California in the winter of 1886-87 to super- 
intend the collection of rare or troublesome tree 
trunks for the Jesup collection at the American Mu- 
seum of Natural History in New York City. He ex- 
plored the islands off the coast of California and 
Mexico and made extensive journeys throughout the 
peninsula of Lower California. He was a resident 
member of the California Academy of Seiences in 
San Francisco and an active worker in that institu- 
tion for many years. He later lived in San Diego, 
California, where his herbarium and garden were vis- 
ited by all botanists making trips to that portion of 
the country. His wife, Katherine Layne Brandegee, 
herself a distinguished botanist, died in 1920. The 
collections of Mr. and Mrs. Brandegee were presented 
to the University of California in 1906 and since that 
time both Mr. and Mrs. Brandegee were closely asso- 
ciated with the work of that institution. 

W. A. S. 





SCIENTIFIC NOTES AND NEWS 


Tue Barnard Medal for Meritorious Service to 
Science, awarded by the trustees of Columbia Uni- 
versity on nomination of the National Academy of 
Sciences, has been given to Dr. Niels Bohr, professor 
of physics at the University of Copenhagen, in recog- 
nition of his researches on the structure of atoms. 
Previous recipients of the Barnard Medal are: Lord 
Rayleigh and Professor William Ramsay, 1895; Pro- 
fessor Wilhelm Conrad Von Réntgen, 1900; Professor 
Henri Becquerel, 1905; Professor Ernest Rutherford, 
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1910; Professor William Henry Bragg and Profes 
Lawrence Bragg, 1915; Albert Einstein, 1920, 


Tue Elliott Cresson gold medal has been awarjy 
to Francis Hodgkinson, chief engineer of the South 
Philadelphia works of the Westinghouse Electric , 
Manufacturing Company, who has been prominent) 
identified with steam-turbine design and constructig, 
work during the past thirty-one years. 










































Girrorp PincHot, governor of Pennsylvania aj 
formerly forester of the U. S. Department of Agr. 
culture, and George Bird Grinnell, editor of Fores 
and Stream, have been awarded Roosevelt medals fo, 
distinguished service by the Roosevelt Memorij 
Association. 


Dr. Hersert 8. JENNINGS, professor of zoology a 
the Johns Hopkins University, has been elected , 
corresponding member of the Russian Academy of 
Sciences. 


Dr. W. W. Keen, of Philadelphia, and Professor 
Sanarelli, of Rome, have been elected honorary for. 
eign members of the Royal Academy of Medicine of 
Belgium. 


Dr. GrorGe Grant MacCourpy, of Yale University 
and the American School of Prehistoric Research, 
has been elected a. correspondent of the Societi 
Romana di Antropologia. 


Dr. CLARK WISSLER, curator-in-chief of the division 
of anthropology of the American Museum of Natural 
History, has been elected to honorary membership in 
the Michigan Academy of Science, Arts and Letters, 


Sir Witu14m Brace, Fullerian professor of chen- 
istry at the Royal Institution, and director of the 
Davy-Faraday Research Laboratory, and Dr. F. 4. 
Donnan, professor of inorganic and physical chen- 
istry in the University of London, are among those 
on whom the senate of St. Andrews University has 
voted to confer honorary degrees. 


THE University of Edinburgh will in July confer 
its doctorate of laws on Dr. A. S, Eddington, Plumiaa 
professor of astronomy and experimental philosophy 
in the University of Cambridge. 


Tue Paris Academy of Sciences has elected as 
corresponding member Sir John Russell, director of 
the Rothamsted Experiment Station in the section oi 
agriculture; M. Lue Picart, of Bordeaux, in the sec 
tion of astronomy, and M. René Koehler, of the fac 
ulty of sciences at Lyons, in the section of anatomy 
and zoology. 


Dr. J. E. Ackert, professor of zoology at the | 
Kansas State Agricultural College and parasitologist 
of the experiment station, was elected president of 
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the Kansas Academy of Science at the recent meeting 
in Manhattan. 


DEDICATION exercises were held recently to celebrate 
the beginning of operation of the Champaign and 
Urbana (Ill.), sewage disposal plant. As part of the 
exercises a tablet was unveiled with the following in- 
scription: “On this site, 1897, the Champaign septic 
tank was built; designed by Professor A. N. Talbot. 
It was among the first of its kind in this country. Dr. 
Edward Bartow, 1913-1916, carried on the first ex- 
periments in this country on the activated sludge 
process of sewage treatment.” 


Dr. H. F. NACHTRIEB, since 1887 head of the depart- 
ment of animal biology at the University of Minne- 
sota, has been appointed professor emeritus. 


Proressor JAMES H. Breastep, of the Oriental Re- 
search Institute of the University of Chicago, who has 
spent the last three months at Luxor and Cairo, has 
returned to the United States. 


Dr. J. P. BAUMBERGER, assistant professor of physi- 
ology at Stanford University, is leaving for Europe 
on an eighteen months’ sabbatical leave. He will at- 
tend the National Colloid Symposium at Minneapolis 
and will then proceed to Europe where he will spend 
nine months in Brussels on a C. R. B. Educational 
Foundation fellowship in physiology. 


Dr. C. R. OrtoN, plant pathologist at the Pennsyl- 
vania State College, has been granted leave of ab- 
sence for a year of research work with seed-borne 
parasites at the Boyce-Thompson Institute for Plant 
Research at Yonkers, N. Y. 


Dr. 8. C. Linp has resigned as chief chemist of the 
Bureau of Mines to become associate director of the 
Fixed Nitrogen Research Laboratory of Washington, 
under the direction of Dr. F. G. Cottrell. 


Dr. Georaze R. Hix, Jr., professor of botany and 
dean of the school of agriculture, of the Utah Agri- 
cultural College, has resigned, effective July 1, to 
accept a position as director of the agricultural de- 
partment of the American Smelting Refining and 
Mining Company with headquarters at Salt Lake 
City. 


Dr. ArtHuR C. StrRacHAUER, for seven years pro- 
fessor and chief of the department of surgery in the 
University of Minnesota Medical School, has resigned 
to become director of the new George Chase Christian 
Cancer Institute at the university, which will be 
opened on July 1. 


At the seventh annual meeting of the American 
Society of Mammalogists held in Washington, from 
April 7 to 11, Dr. Hartley H. T. Jackson, of the 
U. §. Biological Survey, was elected editor of The 
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Journal of Mammalogy, and Mr. A. Brazier Howell, 


of the U. S. National Museum, corresponding secre- ° 


tary. The other officers of the society were reelected. 


Dr. WiLLiAM DE B. MacNiper, professor of phar- 
macology at the University of North Carolina, served 
as physician-in-chief pro tempore at the Peter Bent 
Brigham Hospital, Boston, during the week begin- 
ning April 12. 

Miss Auice H. Farnswortu, assistant professor in 
the department of astronomy at Mount Holyoke Col- 
lege, has been granted leave of absence from the 
department for the year 1925-26, and has been ap- 
pointed to an instructorship at the University of 
Chicago for that period. She will spend the year 
in research in the department of stellar photometry 
at the Yerkes Observatory. 


Dr. Roopa ErpMann, professor of zoology and 
cytology at the University of Berlin, has founded a 
journal devoted to the cultivation of tissues outside 
of the organism. The publisher is Gustav Fischer of 
Jena. Articles can be published in German, English, 
French or Italian. The journal will be published 
irregularly, as material accumulates. \ 


THE members of the British Physiological Society 
visited Holland, during the first week of April, hold- 
ing their monthly meeting in the laboratory of Pro- 
fessor Willem Einthoven, at the University of Leyden. 
Professor Einthoven, who is a member of the society, 
presided over the meeting. 


Dr. WoLrGANG Kouter, professor of psychology in 
the University of Berlin, has been appointed visiting 
lecturer on psychology at Harvard University for the 
first half of the academic year 1925 to 1926. 


Horrat Proressor Dr. F. X. ScHAFFER, professor 
of geology at the University of Vienna and recently 
director of the Vienna Natural History Museum, is in 
residence at Pomona College for the second half of 
the present semester. Professor Schaffer will give 
the Joseph H. Johnson lectures and will discuss topics 
connected with the Mesozoic and Cenozoic of Europe. 


Dr. Geza Dopsy, visiting professor from Hungary, 
assigned to the botanical department of the Michigan 
Agricultural College, is to give an address on his 
work with plant enzymes before the botanical and bio- 
chemical groups at the University of Chicago on 
April 27, Iowa State College on April 29, the Univer- 
sity of Wisconsin on May 5 and to a joint meeting of 
the Sigma Xi and the Nebraska Academy of Science 
at the University of Nebraska on May 7. Dr. Doby, 
professor of biochemistry in the economic faculty of 
the University of Budapest, and Professor Alexander 
Kotlan, of the Royal Veterinary College of Budapest, 


eame to the Michigan Agricultural College, the latter 
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as “visiting professor” in the department of bac- 
teriology under the auspices of the American-Hun- 
garian Foundation whose headquarters are at East 
Lansing, Michigan. No exchange professor was sent 
to Hungary this college year, but in the coming col- 
lege year Dr. H. J. Stafseth, of the department of 
bacteriology, goes to Budapest as the exchange pro- 
fessor from the Michigan Agricultural College. The 
visiting professor from Hungary has not yet been ap- 
pointed. Plans are under way for extending the 
activities of the American-Hungarian Foundation to 
other institutions, in addition to the Michigan Agri- 
cultural College, and to include graduate students of 
high scholarship as well as professors. Before their 
return to Hungary this coming summer, Dr. Doby 
and Dr. Kotlan will be available to give addresses 
on their subjects at such institutions as would be in- 
terested. 


Dr. Ropert A. MILLIKAN, director of the Norman 
Bridge Laboratory of the California Institute of Tech- 
nology at Pasadena, gave on April 6, 7 and 8 the first 
lectures under the newly established Robert Lardin 
Fulton Lecture Foundation of the University of Ne- 
vada. The titles of the lectures were “The electron,” 
“Light waves” and “Stripping the atom.” 


THE Mellon Lecture of the Society for Biologie Re- 
search of the school of medicine of the University of 
Pittsburgh will be given by Dr. Frank B. Mallory on 
April 30 on “Hemochromatosis and chronic poisoning 
with copper.” 


Dr. Cuas. T. Knipp, professor of experimental 
electricity at the University of Illinois, gave a lecture 
illustrated by experiments before the faculty and stu- 
dents of the Missouri School of Mines, Rolla, on April 
16, on “The vacuum as an aid in research,” 


Dr. Merritre W. IRELAND, surgeon-general, United 
States Army, will be the principal speaker at a dinner 
concluding the celebration of the one hundredth anni- 
versary of the founding of Jefferson Medical College. 
The celebration will occur on May 29, immediately 
following the sessions of the American Medical Asso- 
ciation at Atlantic City. 


Dr. WittiAM ALLEN Pusey, Chicago, president of 
the American Medical Association, will give the com- 
mencement address at the University of New Mexico 


in June. 


A meetine of the Sigma Xi Alumni Association at 
the University of Pittsburgh was held on Monday 
evening, April 20, when the following program was 
presented: “The travertine of Oklahoma,” by Dr. W. 
H. Emig; “Chromosomes in the genus trillium,” by 
Mr. J. L. Cartledge; “Basis of classification of plant 
societies in western Pennsylvania,” by Dr. O. E. Jen- 
nings. 
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THE Massachusetts State Senate has unanimously 
rejected an adverse report of the Committee on Ways 
and Means and has passed to be engrossed a bill es. 
tablishing Egg Rock Island near Nahant as a refuge 
for wild birds, to be known as the Henry Cabot Lodge 
Bird Sanctuary. 


A coMMITTEE has been formed for the erection of ¢ 
monument to the Italian physiologist, Angelo Mosso, 
in his native town of Chieri. 


States Geological Survey and the General Land Office 
and for many years professor of topography and car- 
tography at the old Columbian College, now George 
Washington University, died on April 20, aged sey- 
enty-six years. 

Dr. WiLLiAM EpGar Ge, the American explorer, 
lecturer and author, died in Venice on April 12 on his 
way home from Jerusalem where he was conducting 
research for the British Museum. Dr. Geil was in his 
sixtieth year. 


THE annual meeting of the Royal Society of Can- 
ada will be held in Ottawa on May 19, 20 and 21. 
In Section V—Biological Sciences—the presidential 
address will be delivered by Professor Andrew Hunter, 
of the University of Toronto, his subject being “Pro- 
teolysis and the structure of proteins.” The program 
includes fifty-eight titles grouped under three head- 
ings: Zoological, medical, physiological and biochem- 
ical, and botanical. 

THe American Medical Association will hold its 
annual meeting at Atlantic City, beginning on May 
25, some twenty other medical societies holding meet- 
ings before or after the main convention. 


Dr. Epwarp Puavt, president of Lehn & Fink, Inc., 
has, in memory of his father, former president, ap- 
propriated a sum of money for the establishment of 
a research foundation, to be known as The Plaut 
Research Laboratory. This will be housed within the 
laboratories of Lehn & Fink, Inc., at Bloomfield, N. J. 
Commodious new laboratories have been provided, 
equipped in the most modern manner. The work to 
be undertaken will be a continuation of a series of 
researches which have been carried on by a group of 
men in the Research Laboratory of Lehn & Fink, Inc., 
for a number of years. The results of these re- 
searches will be published from time to time in the 
appropriate current journals. The staff comprises 
William H. Gesell, director; Moritz Dittmar, Ph.D., 
pharmacognosy; Emil Klarman, D.Se., organic chem- 
istry; Victor Ross, Ph.D., biological chemistry; John 
T. Stern, D.Se., physical chemistry; John L. Ulrich, 
Ph.D., physiology; Mary Jacobsen, D.Sc., librarian. 
K. George Falk, Ph.D., and Herman Sharlit, M.D., 
have been retained as consultants. 
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Tue French government is proposing to erect an 
observatory and wireless station on Mount Saléve 
which towers 4,000 feet above Geneva. The observa- 
tory is to be installed with all modern instruments for 
meteorological and seismographic observation and re- 
search work. A telescope with a lens diameter of two 
and a half meters is now being constructed in the 
United States. Eventually it is hoped the station will 
become the seat of a meteorological office, and it is for 
that reason the wireless station proposed will be 
powerful enough to communicate with any part of 
the world. 


Tue trustees of the Polar Research branch of the 
Captain Scott memorial—the Lord Mayor, Sir Charles 
Sherrington, president of the Royal Society, and Lord 
Ronaldshay, president of the Royal Geographical 
Society—have decided to offer to hand over the bal- 
ance of their fund, amounting to £13,000, to the 
University of Cambridge towards the erection, endow- 
ment and maintenance of a “Captain Scott Polar 
Research Institute.” The institute, established in 
1920, has so far been housed in the Sedgwick 
Museum, and has done good work in advising and 
assisting in connection with some smaller expeditions 
in the last four years. It has also, from grants made 
from the Seott Fund, been acquiring maps, sketches 
and publications eonnected with Polar research. 


Tue United States Civil Service Commission an- 
nounces competitive examination for the position of 
chemical engineer to fill a vacancy in the Fixed Nitro- 
gen Research Laboratory, Department of Agriculture, 
Washington, D. C. The entrance salary is $3,800 a 
year and advancement in pay may be made without 
change in assignment up to $5,000. Competitors will 
not be required to report for examination at any 
place, but will be rated on their education, training, 
experienc, fitness and writings to be filed with the 
application, which should be filed before May 19. 


TENTATIVE plans have been made for the organiza- 
tion of the American Refractories Institute, to pro- 
vide a satisfactory contact between all the industries 
that use and manufacture refractories, in order to 
meet their various economic and technical problems 
with respect to heat-resisting materials and to main- 
tain a research laboratory to study the problems of 
the consumer and the manufacturer. MacDonald C. 
Booze, senior incumbent of the Multiple Industrial 
Fellowship on Refractories at the Mellon Institute of 
Industrial Research, Pittsburgh, has been appointed 
temporary secretary of the organizing committee. 


THE Norwich Castle Museum Committee of the City 
Corporation has under consideration, as we learn 
from Nature, the celebration of the centenary of the 
foundation of the museum under the presidency of the 
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Norwich botanist, Sir James Edward Smith, F.R.S., 
in 1825. The history of the museum shows that its 
fortunes were of a varying character until 1894, when 
the corporation took over the collections of the Mu- 
seum Society and housed them in the spacious galleries 
adjacent to the castle. 


THE Chemical Bulletin states that a bill has been 
introduced in the Wisconsin legislature the purpose 
of which is to give scientific assistance to district at- 
torneys in the investigation and solution of crimes. 
According to the terms of the bill power is to be 
given, under the provisions of the contemplated act, 
to the attorney general to appoint a group of scientific 
men who by education and experience are qualified to 
render impartial and valuable assistance in the inves- 
tigation of crimes oceurring in that state. Chemists, 
physicians, toxicologists, bacteriologists, pathologists, 
metallographers, finger-print and hand-writing ex- 
perts, psychiatrists, and so forth, would be ineluded in 
the list. No new commission is to be created nor are 
such experts to receive compensation from the state. 
The county calling for their services is to pay them a 
per diem fee as may be arranged in each case. 


Tue British Safety in Mines Research Board, in 
the course of an inquiry into the possibility of improv- 
ing the present official tests of explosives intended 
for use in gassy or dusty coal mines in Britain, has 
arranged for seven typical British “permitted” ex- 
plosives to be put to the official American tests, which 
differ in many respects from the British tests. The 
British explosives have passed the American tests, but 
the British “permitted” explosives were not so strong 
as the American when judged by the specified strength 
tests, nor so sensitive to detonation as judged by the 
explosion by influence test. This is attributed to the 
fact that the British explosives contain as a rule a far 
higher proportion of cooling salts. 





UNIVERSITY AND EDUCATIONAL 
NOTES 


THE University of Chicago has received a gift of 


$500,000 from the Wiebolt Foundation toward the . 


development fund of $17,500,000, which is now being 
collected by the university. 


THE New Jersey Legislature has appropriated two 
hundred thousand dollars for the erection of a new 
physics building for Rutgers College. 


THE Iowa Child Welfare Research Station of the 
University of Iowa has received a grant of $133,500 
from the Laura Spelman Rockefeller Memorial Fund 
to be used for research in the development of children. 
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Dr. Witu1AM T. SAnGer, secretary of the Virginia 
State Board of Education, has been elected president 
of the Medical College of Virginia in succession to 
Dr. Stuart McGuire. 


Dr. Lesuie B. Arey, recently appointed chairman 
of the division of anatomy at the Northwestern Uni- 
versity Medical School, has been made the first in- 
cumbent of the newly established Robert Laughlin 
Rea professorship in anatomy. This chair was 
created through the gift of $100,00 by Mrs. Mollie 
-Manlove Rea as a memorial to her husband, at one 
time professor of anatomy in the university. 


Dr. Harry C. Trimsie, assistant professor of 
chemistry at the University of North Dakota, has 
resigned to become assistant professor of chemistry 
at the Harvard University Medical School. 


Dr. ALEXANDER ELLETT, National Research Fellow, 
who has been working at the Bureau of Standards, 
has been appointed assistant professor of physics at 
the University of Iowa. 


Dr. Wiuson L. Miser, associate professor of mathe- 
matics, Armour Institute of Technology, has been 
appointed professor of mathematics at Vanderbilt 
University. ' 





DISCUSSION AND CORRESPONDENCE 


SERIES IN THE ARC SPECTRUM OF 
NITROGEN 

In the issue of Scrence for September 12, 1924, I 
presented some series regularities which I attributed 
to the quintet system of the spark spectrum of 
nitrogen. Quite recently Merton and Pilley (Proc. 
Roy. Soc., A 107, p. 416, 1925) have published an 
excellent list of lines which they attribute to the arc 
spectrum of nitrogen. The occurrence of multiplets 
among these lines involving the same terms as occur 
in the infra-red multiplets has led to the conclusion 
that the infra-red lines are also members of the are 
spectrum, and that the multiplets previously pub- 
lished belong to the quartet system and not to the 
quintet system. An analysis of Merton and Pilley’s 
lines and additional infra-red lines measured at the 
Bureau of Standards has revealed the existence in the 
are spectrum of nitrogen of doublet and quartet series 
systems consisting of combinations between P, P’, §, 
D and F, terms. In each system the lowest term so 
far found is a P term. Three PD multiplets of the 
quartet system have been found which can be repre- 
sented very accurately by a Ritz formula, giving a 
value of 33992 to the low *P, term. The details of 
the investigation will be presented in a forthcoming 


paper. 
C. C. Kress 


[Vou. LXI, No. 1583 


THE UNDERTOW 


THERE are many geologists grateful to Professor 
Davis* for calling attention to the rather careless 
acceptance of the undertow without adequate consid. 
eration of what it is and where it is. Everybody wil] 
agree with him that there is an undertow phenome. 
non produced in every wave trough, that the under. 
tow becomes exceptionally concentrated and power. 
ful off pocket beaches, that when the wind is blowing 
on shore the undertow effects are greatest, and that 
there is commonly confusion between undertow, lit- 
toral currents and tidal currents. However, it should 
be borne in mind that sea waves are of two kinds: 
deep sea waves which are oscillatory and which in- 
volve theoretically no translation of water longitu- 
dinally, and roll waves in which there is no oscilla- 
tion and a maximum amount of translation of water, 
The reality of the undertow becomes evident when 
one considers the case of waves approaching the shore 
at time of low tide. For a distance upon shallow 
shores of half a mile there is a constantly renewed 
pouring shoreward of water where the oscillatory 
waves change into roll waves. This series of forward 
surging roll waves actually achieves a shoreward 
movement of water of prodigious quantity which re- 
turns to the sea only as undertow. 

The very configuration of a shore indicates the 
reality of undertow. Material eroded and broken 
loose by wave action lies exposed at the shore, but 
although shingle forms well-marked beaches, it is not 
usually distributed upon the wave-cut terrace. In 
some manner the broken material is carried away 
from the beach, across the wave-cut terrace, and de- 
posited in the wave-built terrace. Although it is cer- 
tain that the undertow is notably concentrated at 
pocket beaches, nevertheless it is in existence else- 
where as wave-cut terraces and the wave;built ter- 
races which skirt cliff bound shores past bay and 
headland alike clearly demonstrate. There seems lit- 
tle question that confusion between littoral currents, 
tidal currents and undertow is very difficult to avoid 
because they are all in existence at certain times in 
the same places. 

Nevertheless, wherever waves break, irrespective of 
the direction of wind or shape of the shore line, there 
is a forward movement of water at the surface which 
can return only as an undertow; over wave-cut ter- 
races where oscillatory waves are rare and where 
waves of translation are the rule the total amount of 
undertow return must be great and extensive in 4 
direction offshore. 

T. T. QurirRKE 

UNIVERSITY oF ILLINOIS 


1W. M. Davis, Science, Vol. LXI., February 20, 1925, 
pp. 206-208. 
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ORIGIN OF THE LOESS OF THE PALOUSE 
REGION, WASHINGTON 

TurouGHout east-central Washington, especially 
that region known as the Palouse wheat country, is a 
large area underlain by basalt, which is a part of the 
Columbia lava plateau. Above this basalt is a cover- 
ing of very fine sand, which has a thickness as great 
as 250 feet and more. 

This fine sand has the characteristics of loess. When 
exposed in highway and railroad cuts, it stands with 
a vertical face, and in drying it shows vertical cleav- 
age. It is composed of fine quartz sand, whose grains 
average 0.05 mm in diameter. The sand grains are 
sub-angular. The formation is iron stained and con- 
tains small coneretions and tubelets of iron oxide. 
This loessial formation has two phases: one phase is 
massive, the other laminated, that is, stratified in 
thin, well-defined layers. These two phases are iden- 
tical in composition, but differ in structure. 

From a study of the field conditions, the writer has 
reached the following conclusions in regard to the 
origin and oceurrence of the Palouse loess: 

(1) ‘That the loess was derived from the retreat of 
the continental ice sheet of pre-Spokane age, possibly 
Iowan or Illinoian. 

(2) That the loess was deposited in shallow, slug- 
gish, ephemeral sheets of glacial water to a depth of 
about 250 feet on the surface of the flat-lying basalt 
before the period of Pleistocene deformation. 

(3) That a mature type of topography was devel- 
oped on the surface of the loess. 

(4) That a period of deformation followed, during 
which the region was elevated. 

(5) That, following the uplift of the region, re- 
juvenation of the major streams came into evidence, 
developing deep canyons which were cut, first through 
the loess and then through the hard, underlying 
basalt. 

(6) That later, recent action of the wind shifted 
the water-laid loess, modifying its laminated structure 
to the massive type, and causing surface features to be 
developed characteristic of aeolian deposition. 

(7) That mud flows have subsequently developed 
on plowed hillsides during the rainy seasons of the 
year, modifying much of the surface covering so that 
the underlying laminated material has been largely 
lost to view. 

Owing to the modification of the original loessial 
deposit by the surface action of wind and water, the 
underlying laminated phase is exposed only in widely 
separated localities, where deep road cuts have re- 
cently been made. This laminated phase is considered 
by the writer to be the original loessial deposit. 

The writer proposes the name Palouse Formation 
to these sedimentary beds. The fertile soil of the 
Palouse region is largely a residual modification of 
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the Palouse formation and has locally been redeposited 
by wind and surface wash. 
Ray C. TREASHER 
STATE COLLEGE OF WASHINGTON, 
PULLMAN 


THE STEM OF MAGNOLIA AS A 
LABORATORY TYPE 

THE general cellular structure of the woody, dicot- 
yledonous stem is commonly illustrated in general 
botany courses by such forms as Tilia, Aristolochia, 
Menispermum, Ricinus, Liriodendron, ete. Each of 
these has certain limitations and disadvantages. To 
be most desirable for teaching vascular anatomy to 
elementary students, it would seem that a stem should 
have the following characteristics: (1) It should be 
generalized—not so highly specialized as many of the 
forms in common use; (2) its various groups of tis- 
sues should be easily recognizable; (3) the vascular 
bundles should be especially distinct and clearly de- 
limited by broad medullary rays; (4) the annual rings 
should be well defined; (5) the stem should exhibit 
several different kinds of mechanical tissues; (6) the 
protoxylem should be persistent and easily distin- 
guishable from the secondary xylem. 

None of the stems ordinarily studied and figured in 
the text-books combine all these features, although 
some are very desirable in certain ways. In endeav- 
oring to find a stem which might approach the ideal 
type described above, we have examined a great 
many forms, but none has given greater satisfaction 
than Magnolia. In the young twig the bundles stand 
out with diagrammatic clearness; they are equally as 
well defined as in the woody climbers usually studied. 
The protoxylem is as conspicuous as in Ricinus. The 
phloem areas are particularly well differentiated, a 
feature lacking in many stems. Sieve tubes and com- 
panion cells are as distinct as in the classic corn stalk. 
A few bast fibers occur among the conductive ele- 
ments of the phloem, but most of them are localized 
in separate groups just outside of the phloem, as in 
Aristolochia. Stone cells and collenchyma occur in 
the cortex, the former showing very clearly the char- 
acteristic pitting. The epidermis is highly eutinized. 
Epidermal hairs occur on the young stem in abun- 
dance. 

A notable disadvantage of Magnolia is that sections 
of older stems are cut with difficulty, owing to the 
hardness of the wood. Young twigs may be cut free- 
hand with a fair degree of facility, but older ones 
must be handled by special treatment. We have used 
only Magnolia grandiflora, but suppose that other 
species would be equally as desirable. 

A. W. Havpr 

UNIVERSITY OF CALIFORNIA 

SOUTHERN BRANCH 
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SCIENTIFIC BOOKS 


Calculus of Variations. By Gitpert Ames Buss. 
Published for the Mathematical Association of 
America by the Open Court Publishing Company, 
Chicago (1925), pp. xiii, 189. Price, $2.00. 


WHEN it was announced some time ago that the 
first number of the Carus Mathematical Monographs 
was to be written by Professor Bliss on the subject 
to which he has made so many important contribu- 
tions, it was felt by some that Professor Bliss had 
set himself a very difficult task. The main purpose 
of this series of monographs is the “diffusion of 
mathematics and formal thought as contributing to 
exact knowledge and clear thinking, not only for 
mathematicians and teachers of mathematics, but also 
for other scientists and the publie at large,” and it 
seemed that of all branches of mathematics the Cal- 
culus of Variations might easily prove one of the 
most difficult to present in a popular manner. This 
must have been, especially, the thought of those who 
were, like ourselves, introduced to the subject in a 
physical treatise expounding Hamilton’s conception 
of the proper mode of statement of the laws govern- 
ing the development of a dynamical system. We can 
still see in our mind’s eye the formidable pages of 
8’s which seemed to differ in some mysterious way 
from the mannerly differentials of the preceding and 
following paragraphs; which had a ghostly superior- 
ity since they could never physically be realized; but 
yet which could be interchanged as to order of pro- 
eedure with the more homely and familiar time dif- 
ferentiations of the subject. Could it be possible to 
present this subject in an elementary and straight- 
forward manner, intelligible to the ordinary student 
of physics, with the usual familiarity with simple 
differentiation and integration? 

There can be no doubt as to the answer in the mind 
of any one who reads Professor Bliss’s book. The 
exposition is masterly and is as lucid as the best 
French mathematical treatises. Beginning with an 
interesting historical introduction, typical problems of 
the Caleulus of Variations are described, such as, for 
examples, the shortest distance problem, the brachi- 
stochrone problem and the problem of the surfaces 
of revolution of minimum area (the soap film prob- 
lem). Before taking up the general theory the author 
adopts the pedagogically sound procedure of treating 
these special problems in detail and he is able, with- 
out ever abandoning the “elementary” viewpoint, to 
illustrate in these problems the general modes of solu- 
tion of problems in the Caleulus of Variations and to 
point out the kind of difficulties that may be expected 
to arise. The presentation is very “modern” and the 
consistent use of Weierstrass’s ingenious concept of 
a “field of extremals” and of Hilbert’s invariant in- 
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tegral makes the theory straightforward and easy, 

Jacobi’s interesting theorem as to conjugate points 
here presents no difficulty. The final chapter, headeg 
“A more general theory,” is easy reading after the 
previous chapters dealing with special problems haye 
been mastered and the book ends with some interest. 
ing historical remarks and a well-considered and use. 
ful list of bibliographical and historical references, 

On the whole we think this book an illustration of 
the truth of Benjamin Franklin’s dictum that no 
theory is difficult if properly and methodically pre. 
sented. No student of physics of chemistry needs to 
be told of the importance of the subject-matter, for 
most physical theories seem incomplete until they can 
set up a Hamiltonian integral dominating the subject 
by the fact that its variation must be zero. Or, to 
give an illustration which will be more appealing to 
those interested in quantum theory, it may be said 
that any conservative dynamical system in which the 
coordinates are q and the momenta p lives in such a 
way that its life line in its representative (q, p) space 
is an extremal of the integral f =pdq where all 
comparison curves satisfy the equation H = constant 
(H being the total energy of the system). We heart- 
ily recommend Professor Bliss’s book either as a text 
for a short course on the Caleulus of Variations or 
to any serious scientist for private reading. May the 
succeeding monographs of the series maintain the 
standard set by this first one! 


F. D. MurnaGHAN 
THe JoHNsS Hopkins UNIVERSITY 





THE NORWEGIAN IDENTITY BOOK 


At the International Emigration Congress, held in 
Rome from May 15 to June 6, 1924, a proposition 
was introduced by the Norwegian delegate Fjelstad 
which, if feasible and viable, may go far toward solv- 
ing the vexed question of the identification of the 
individual in intranational and international relations. 
It was devised by Drs. Jon Alfred Mjoen and Jon 
B6 at the Winderen Laboratory, Christiania, and pro- 
poses, in brief, the biological registration of a given 
population by means of an identity book,' so arranged 
as to include and, for publie purposes, replace the 
ordinary certificates of birth, baptism, vaccination, 
school attendance, university matriculation and grad- 
uation, marriage, tax-payments, life insurance poli- 
cies, military, naval, police court or prison relations 
and other personal papers establishing the true status 
of the individual in society. Its object is to facilitate 
and obviate bookkeeping in passport offices, courts 
of justice, at the ballot, box or in any other situation 


1J. A. Mjoen and J. Bé: Eugenics Rev., Lond., 1924, 
XVI, 183-188. 
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in which the identity of the individual as a reliable 
or dubious social unit becomes of paramount impor- 
tance. But the very object of this Scandinavian in- 
yention is to protect Abel against Cain, to see to it 
that the decent and honorable (the mass of mankind) 
do not suffer unduly for the “crimes, whims, inepti- 
tudes and insanities of the few,” to prevent the miser- 
able, unwarranted espionage and hold-up policies 
which have harassed and tormented the peoples of 
Europe and America ever since the beginning of the 
World War. As to the other side of the shield, our 
Scandinavian authors speak in no uncertain language: 


In all the belligerent lands, there were actually regu- 
lations which prevented criminals from being sent to 
death. It is equally characteristic of the organization 
of our modern society that the law-abiding are restricted 
in the exercise of their right of self-determination, be- 
cause there exists a growing minority of law-breakers. 
In the human ant-hill there are none to exterminate the 
parasites. On the contrary, these parasites flourish and 
strut around as they have never done before and make 
their way with well-filled valises through all entrance 
gates, from the Riviera to Gjedser-Warnemunde, from 
Ukraine to Castle Garden. They manage to cross fron- 
tiers and pass through one land to another without stand- 
ing in a queue on Alexander-platz, whilst the unprac- 
ticed, respectable citizen of another country must run 
from consulate to consulate, from one police station to 
another, to be cross-examined, suspected, nay, even thrown 
into prison, until, wearied out and discouraged, he gives 
up all further attempts to get across the border. The 
drunkards make it necessary to fashion regulations which 
fall heavily upon the temperate, the international crimi- 
nal necessitates a system of passports, of control, and 
finally of punishment, which becomes more and more in- 
tolerable for the industrious members of society. The 
fault lies mainly in the fact that in the passport office, 
or in the sick insurance, at the ballot box or in the court 
of justice, no sincere effort has hitherto been made to 
identify a human individual or to connect the individual 
with his own past. The basic principle for the modern 
treatment of the individual at all the cross-roads of life 
is this: ‘‘ Because there are to be found individuals with 
@ vicious past, we must also deal with you as if you were 
equally vicious.’’ The claim that every human being has 
a right to make, namely, the claim to be held responsible 
for his own acts, for his own motives and for his own 
way of life, is rendered difficult by the fact that we 
have hitherto had no means of identifying the individ- 
ual. We have lacked a system which could promptly and 
in a practical manner establish the fact that ‘‘I am I, 
and nobody else.’’ It is not very reassuring to see the 
powerlessness which is displayed by the so-called authori- 
ties of the state, even in the leading civilized lands, when 
it is a question of ascertaining the material composing 
the population and its movements, or when law and order 
need to be maintained and social evils combated. Mil- 
liards of money are granted annually for education, pub- 
lic health and the prison system, with the result that 
hospitals, lunatic asylums and prisons must be built 
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larger and larger. And the prisons are filled, although 
most of the criminals still remain at liberty. 

Our national and international conditions afford in 
reality to the criminal the fullest opportunities of con- 
stantly extending his fields of operation. Even in those 
cases where anti-social activities do not display criminal 
methodicalness and foresight, we see that these anti- 
social race-elements inflict great damage on the commu- 
nity. For they infect society biologically and morally. 
The biologically inferior—the mentally deficient—fill the 
ranks of the chronic drunkards, castaways and loafers, 
and may spread venereal disease. With the increasing 
movements of the populations which are now taking 
place these race-elements are being dispersed more than 
ever over new fields of operation. 

In our human age it is becoming—and rightly so— 
constantly more and more difficult for society to rid itself 
of the inferior individuals by brutal methods. Formerly 
recourse was had to capital punishment. The method was 
radical and killed all evil growths at the root. But in 
our modern society, with its increasing feelings of mercy, 
the difficulties augment themselves with every new gen- 
eration. The upright and industrious individual is often 
placed under control as if he or she belonged to the class 
of drunkards, prostitutes or criminals, especially if they 
remove themselves some distance from their native place. 
The demand for a new solution of these problems is mak- 
ing itself more and more clearly heard. 


That such a plan would defeat its own object if 
controlled by unscrupulous political henchmen of 
jack-in-office type is self-evident. It is also obvious 
that the loss of his identity book would put the indi- 
vidual in a tight place, in the absence of his personal 
papers, and that the book itself would have to be safe- 
guarded against falsification. But it is urged that 
the immense amount of time consumed and of energy 
dissipated in identification by ordinary methods has 
become so costly to government (for in modern life 
time is money) that the identity book will not only 
protect and defend citizens who have been slandered, 
rendered suspect, falsely accused or wrongfully ar- 
rested, but will also constitute a check upon the habit- 
ual criminal and recidivist. At the same time, a given 
book, if lost, will be at least valueless to the finder. 
In virtue of the identity book, the complement of an 
emigrant ship can be easily filtered, more people will 
vote at the polls when the troublesome formalities are 
dispensed with, the character of servants and other 
people seeking employment will be easily ascertained 
and registration of taxpayers facilitated, as also mili- 
tary mobilization, the prevention of smuggling, the 
apprehension of spies, the relief of deserving poor 
and of distressed sailors, while the passport system 
at frontiers will be enormously simplified. On the 
death of the holder, it is proposed that the identity 


book be returned to the Biological Registration Office . 


as a public record. In view of its important bearings 
upon emigration and immigration, the proposition was 
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printed in extenso, in English, French and Italian, 
and referred to a special conference. The conclusions 
of the conference will be awaited with interest. 





SPECIAL ARTICLES 


A HIGHLY SENSITIVE PHYSICAL METHOD 
FOR DETECTING PROTEINS IN A 
SOLUTION 

Ir is generally believed that immunological reac- 
tions are the most sensitive, as they make it possible 
to detect such minute amounts as 0.00000005 grams 
of proteins (1/20000000). H. G. Wells, in his ex- 
cellent book on the “Chemical Aspects of Immunity,” 
remarks that “these figures give a striking illustration 
of the delicacy of the immunological methods and 
their value in studying certain problems in protein 
chemistry. In no other way would such minute 
amounts of protein be detected in a solution.” 

This statement, which expresses the conditions actu- 
ally prevailing, led me to make some preliminary ex- 
periments which are reported in this paper and which 
show that it is possible, by a purely physical method, 
to detect the presence of still smaller amounts of pro- 
tein, namely, 0.00000002 gr. or 1/50000000, in two 
hours or even less. 

This method is based on the use of the tensiometer 
previously described’ and on a phenomenon mentioned 
in 1922? and later in this journal,* under the title 
“Antagonistic action of colloids.” 

When a trace of powdered sodium oleate is added 
to pure water, or to a salt solution contained in a 
watch-glass, the surface tension decreases instantane- 
ously and becomes very small. If the amount of 
sodium oleate added is smaller than 1/1000, the 
drop will continue for over one hour until a certain 
minimum value is attained. This value will then re- 
main practically constant.* But when the same 
amount of sodium oleate is added to the same watch- 
glass containing some other colloid in solution, instead 
of pure water or saline, the surface tension, after 
reaching almost instantaneously its bottom value, 
starts up immediately and in a few minutes, accord- 
ing to the concentrations, tends towards its original 
value or even reaches it. 

The presence of 1/1000000 of a gram of protein 
has no effect on the value of the surface tension of 
water, or very little, as the monomolecular layers are 
formed for egg albumin, for instance, at dilutions 


1duNoiiy, P. L., J. Gen. Phys., 1919, i, 521; La 
Nature, 1920, No. 2391, p. 63; Holmes, H. N., ‘Manual 
of Colloidal Chemistry,’’ New York, Wiley, 1922. 

2 du Noiiy, P. L., J. E. M., 1922, xxxvi, I, 115. 

3 du Noiiy, P. L., Science, 1924, lx, No. 1554, 337. 

4du Noiiy, P. L., ‘‘Surface equilibrium of colloidal 
solutions. I.,’’ ScreNcE, 1924, lix, No. 1539, 580. 
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comprised between 1/80000 and 1/210000. Conse. 
quently it was thought that an indirect method, baseq 
on the above described “antagonistic phenomenon” 
was more likely to bring results. For this purpose g 
solution of 1/300000 of pure sodium oleate was pre. 
pared, and 1 ce was poured in a watch-glass; on the 
other hand, 1 ce of solution of 1/25000000 of erysta)- 
line egg albumin was added to it. The final dilution 
of the solutes was consequently 1/600000 for sodium 
oleate and 1/50000000 for egg albumin. Then, the 
drop of the surface tension of this mixed solution was 
compared with that of a solution of pure sodium 
oleate at 1/600000. The results of three series of ex- 
periments were as follows: 


SurFAcE TENSION IN DYNES 








Static values 





Initial values (2 hours) 
No. of experiment oo ee ss 
Saas At oi 75.4 75.3 75.3 75.3 75.3 75.3 
2. Egg albumin crystal. 
1/50 000 000 ............ 75.1 75.1 75.2 75.3 75.3 75.3 


3. Sod. oleate. 1/600 000 75.0 74.9 74.7 70.8 72.0 71.0 
4. Sod ol. + egg albumin 
same concentrations 
Eppa, aaa. 75.0 75.0 75.0 75.1 75.2 75.2 
Difference between the 
static values of Sol. 
No. 3 and 4, due to 
the presence of egg 
IE ccrcccssecancticries 43 3.2 41 





Consequently, the presence of 1/50000000 of egg 
albumin in 2 ee of liquid will prevent the lowering of 
the surface tension of water by sodium oleate in the 
proper dilution. This phenomenon is observed only 
when the sodium oleate is highly diluted. It would 
certainly be at a maximum for a concentration of 
1/750000 in the watch-glasses which we use, filled 
with 2 ce of solution, as under such conditions, I have 
shown that an organized monolayer is formed.® How- 
ever, it is difficult to prepare sodium oleate in such 
state of purity that it will entirely dissolve in true 
solution, and it happened that the sample used in the 
above reported experiments was not absolutely per- 
feet. Nevertheless, the phenomenon is quite striking 
and clear at 1/600000. It is very probable that the 
sensitivity of this reaction can still be increased, and 
we have already secured evidence that it might show 
the presence of 0.00000001 gram of protein. Experi- 
ments are now being carried on to study the phe- 
nomenon more thoroughly. 

P. Lecomte pu Novy 

THE ROCKEFELLER INSTITUTE FOR 

MEDICAL RESEARCH 


5 du Noiiy, P. L., Phil. Mag., 1924, xlviii, 264 and 664. 
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